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(57) An object of the present invention is to provide 
a map matching method capable of perfonning a proc- 
ess operation in a high speed. In the map matching 
•method of the present invention, while employing road 
network data in which road networks are fonned in a 
plurality of hierarchical layers "a", "b", "c", and a road 
network of an upper-grade hierarchical layer is estab- 
lished by such a road network which is extracted from 
a road network having a lower-grade hierarchfcal layer 
lower than the road network having the upper-grade hi- 
erarchical layer, a road network of the uppermost-grade 
hierarchical layer "a" is matched with a shape vector In- 
dicative of a shape of a objective road In a beginning 
stage; and when such a candidate road which is 
matched with the shape vector cannot be obtained in 
the road network of the uppermost-grade hierarchical 
layer "a", since such a road network having another hi- 
erarchical layer "b", or "c" Is matched with the shape 
vector, the objective road is identified. In the most cases, 
as to a objective road of traffic Information and the like, 
the objective road, can be identified by executing a map 
matching operation with employment of the road net- 
work having the uppermost-grade hierarchical layer "a", 
and the map matching operation can be carried out in a 
high J 
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Description 

<TECHNICAL FIELD> 

[0001] The present invention is related to a map 
matching method, an device for executing the map 
matching method, and a computer program. IVIore spe- 
cifically, the present invention is directed to a map 
matching method, a map matching device, and a com- 
puter program, capable of a performing map matching 
operation in a high speed. Also, the present invention 
relates to an information transferring method for trans- 
ferring positional information as to a traffic jam, a traffic 
accident, and the like in a traffic Information providing 
system, or the like, and relates to an device for perform- 
ing an information exchanging operation as to a position 
by using this information transferring method. In partic- 
ular, the present invention is directed to a shape match- 
Ing-purpose database and a shape matching device, ca- 
pable of firmly and rapidly transferring a position on a 
digital map. 

<BACKGROUND ART> 

[0002] Conventionally, for instance, as described in 
the below-mentioned patent publication 1 , while a car 
navigation device holds map data, the car navigation de- 
vice executes a map matching operation in a time inter- 
val of, for example, 1 second in order to identify a posi- 
tion of a traveling vehicle on the map data. In this map 
data, all of roads whose widths are wider than, or equal 
to 3.3 m have been stored. The car navigation device 
executes a map matching operation while map data of 
an area (normally, square of approximately several hun- 
dreds meters) which is limited to an area around the own 
vehicle position is employed as an object area, and thus, 
acquires such a point on the map, which corresponds 
to the own vehicle position. 

[0003] As map matching methods, several sorts of 
map matching methods are known. For instance, an al- 
gorithm of a macro map matching operation is defined 
as follows: 

(1) As shown in Fig. 35(a), while a vehicle position 
acquired by a GPS receiver is used as a WP (way 
point) corresponding to a point which is fomned on 
a shape vector links located in a peripheral area of 
the WP are searched so as to detect a link having 
such azimuth within a square made of A meters (on 
the order of 250 meters) where a first way point 
WP1 is set to a center thereof. The azimuth of this 
link is defined by that a difference between this az- 
imuth and traveling azimuth of the vehicle is limited 
in +B degrees to -B degrees (for example, B is near- 
ly equal to 45 degrees). Then, this detected link Is 
set to a candidate point (symbol "X"). It is so as- 
sumed that a total link number (n) of the candidate 
points Is selected to be 5 to 8 pieces. In Fig. 35(b), 



candidate points of the first way point WP1 are set 
to 1-1, 1-2, 1-3. 

(2) As indicated in Fig. 35(b), a link having such az- 
imuth is detected within the square made of A me- 

5 ters where a next WP2 is set to a center thereof. 
The azimuth of this link is defined by that a differ- 
ence between this azimuth and traveling azimuth of 
the vehicle is limited in +B degrees to -B degrees, 
"n" pieces of links are set as candidate points (2-1 , 

10 2-2, 2-3). 

(3) This process operation is repeatedly carried out 
until the matching operation Is reached to a final 
WP. 

(4) The respective candidate points are connected 
15 to each other along the road links so as to form a 

shape pattern. In such a case that candidate points 
are not connected along a road (for instance, can- 
didate points 3-3 and 3-2 of WP3 cannot be con- 
nected to candidate point of next WP4 along road), 
20 a shape pattern is not formed, 

(5) While the respective shape patterns are com- 
pared with the shapes of WP1 , WP2, one shape 
pattern is selected which is mostly resembled to the 
shapes of the way points. Namely, this shape pat- 

25 tern is located near the way points, and owns a 
small fluctuation with respect to the shapes of WP1 , 
WP2, — , which are evaluated by standard devia- 
tion, or the tike. 

30 [0004] Assuming now that a total number of WPe !s 
equal to "M" pieces and "N" pieces of candidate points 
per each of WPs are obtained as an average value, the 
shape patterns which are acquired in the item (4) are 
combinations of N M pieces, normally become several 

35 thousands through several ten-thousands of shape pat- 
terns. 

[0005] On the other hand, the Inventor of the present 
invention has proposed the traffic Information transfer 
system using the map matching operation (Japanese 

40 Patent Application No. 2002-89069). In this system, 
while a status amount (travel time, and traffk; jam degree 
etc.) of traffic Information which is changed along a road 
is expressed by a function of a distance measured from 
a reference node of a shape vector which indicates the 

45 road, both data of this traffic infomiatlon and data of a 
shape vector indicative of a road shape are provided to 
a user terminal. The user tenninal executes a map 
matching operation by using the shape vector so as to 
identify a objective road of the traffic infonnation, and 

50 reproduces the traffic infomnatlon on this road from the 
data of the traffic information, 

[0006] Fig. 36(b) shows data of traffic information 
which is transferred in this system, and Fig. 36(a) rep- 
resents shape vector data of roads which are trans- 
55 ferred in combination with this traffrc information data. 
Alternatively, these data may be coded so as to com- 
press data amounts. Fig. 37(a) and Fig, 37(b) shows 
both shape vector data which have been coded, and 
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traffic information data. Afterthe usertermlnal which has 
received these data decodes both shape vector data 
and traffic information data, the user terminal similarly 
performs a map matching operation while the respective 
nodes contained in the shape vector data are defined 
as WPs so as to identify a objective road of the traffic 
Infomnation, and reproduces the traffic information on 
the objective road from the traffic information data. 
[0007] In the presently available traffic infonnation, 
while unified numbers are applied to nodes and links, a 
objective road is identified by this number, in this case, 
In connection with newly constructing operations of 
reads and route changes, updating operations as to 
node numbers and link numbers are required. Since 
newly constructing operations of roads and route chang- 
es are not stopped in future, the method for using the 
unified numbers necessarily requires work loads of 
maintenance. To the contrary, since the road position is 
identified by the map matching operation in this traffic 
infomnation transfer system, such unified numbers need 
not be applied to the nodes and the links, and thus, the 
work loads can be reduced. 

[Patent Publication 1] 

[0008] Japanese Laid-open Patent Application No. 
HEI-7-260499 

[0009] However, in this traffic Information transfer sys- 
tem, the reception-sided device (decoder: navigation 
device etc.) must execute the map matching operation 
with respect to the long subject section within the wide 
range (for example, entire area of wards in TOKYO, or 
square made of 1 0 Km) which is contained In the traffic 
infonnation. 

[0010] Also, in the process operation of the map 
matching operation, in such a case that the above-de- 
scribed WPs are used which are employed so as to iden- 
tify the vehicle position, when a large number of candi- 
date points are formed around the WPs, a very long time 
is necessarily required to execute the retrieving process 
operations (namely, process operations (1 ) and (2) of 
above-described macro map matching operations) for 
the candidate points. This process time is increased di- 
rectly proportional to a total number of WPs. Also, com- 
binations among the respective candidates points are 
exponentially increased in response to a total number 
of the candidate points and a total number of the WPs, 
and thus, the forming process operation (above-de- 
scribed process operation (4)) of the shape pattern and 
the comparing process operation (above-described 
process operation (5)) require a plenty of time. 
[0011] As a result, there is an object to shorten the 
processing time for the map matching operation. 
[0012] Also, in such a probe acquisition system that 
drive data of vehicles (probes) which are driven in vari- 
ous places are acquired by a center so as to be utilized 
to form traffic infomnation, positional data indicative of 
drive loci are collected from a large number of probes 



to one center. Then, this center identifies roads along 
which the respective probes are driven by executing 
map matching operations based upon the positional da- 
ta. As a consequence, a high-speed map matching op- 

5 eration is required in order that the data collected from 
a large number of probes can be quickly processed. 
[0013] Also, vehicles which mount car navigation ma- 
chines are rapidly increased. In an on-vehlcle navigation 
system which is used by this car navigation machine, 

10 while a digital map database is held, maps around the 
own vehicle position can be displayed on a screen, and 
in addition, travel loci and route searching results up to 
a destination place can be displayed on the maps based 
upon latitude/longitude data received by a GPS receiv- 

[0014] It should be noted that digital map databases 
may contain errors due to a fatal aspect of reduced scale 
maps. While degrees of errors are different from each 
other depending upon digital map databases, there are, 
20 for instance, commercially-available digital map data- 
bases having a reduced scale of 1/25000 which contain 
an error of approximately 50 meters In accordance with 
places. 

[0015] Also, in this on-vehicle navigation machine, 
25 such traffic infomnation as traffic Jam infonnation and 
traffic accident Information is received which Is provided 
from a traffic information providing system, and then, a 
traffic jam place and a traffic accident position may be 
displayed on a map, and/or a route searching operation 
30 is carried out by adding these traffic jam/accident infor- 
mation to a condition. 

[0016] In the above-described traffic Information pro- 
viding system, as represented In Fig. 57, traffic informa- 
tion is supplied from a control center 71 which controls 

35 a regional area to a traff k; information distribution center 
72, and then, traffic infomiation which has been edited 
for purposes of various media (FM broadcast, on- road 
beacon, portable telephones, and the like) is transmitted 
via these various media. It should also be understood 

40 that the control center 71 communicates the traffic In- 
formation with a control center 78 of another regional 
area, and thus, acquires traffic infonnation within a wide 
zone which contains a peripheral area. 
[0017] As to the traffic information supplied by the 

45 above-explained traffic information providing system, 
for example, In such a case that latitude/longitude data 
as to a traffic jam position and a traffic accident position 
Is solely provided in order to inform the traffic jam posi- 
tion and the traff accident position, there is a risk that 

50 If both a traffic infonnation provi di ng sou rce and a traff k: 
information provided destination employ different sorts 
of digital map databases, then the on-vehicle navigation 
machine identifies a different position on a road as the 
traffic accident position. This is because, as previously 

55 explained, digital map databases held by on-vehlcle 
navigation machines own errors which are different from 
each other, depending upon sorts of these digital map 
databases. 
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[0018] in order to improve an incorrectness of such 
Information transfer operations, or information display 
operations, on-vehicle navigation systems employ such 
map information shown In Fig. 58. As Indicated as one 
example in Fig. 58(a), assuming now that intersections 
"a" and "b" of a road network correspond lo nodes and 
a road "c" between the nodes corresponds to a link, 
node numbers (a= 1111, b= 3333) are set to the respec- 
tive nodes, which exclusively represent these nodes, 
whereas a link number (c = 11113333) is set to the re- 
spective links, which exclusively represents this link. 
Then, the node numbers and the link numbers which 
have been set with respect to the respective intersec- 
tions and the respective roads have been stored in dig- 
ital map databases marketed by various firms in corre- 
spondence with both the node numbers and the link 
numbers. 

[001 9] Also , as to traffic i nf onnation indicative of traffic 
jam positions, traffic accident positions, and the like, a 
link number is identified in order to represent a position 
on a road, and then, a point on the road is indicated by 
such an expression that this point is separated by a cer- 
tain meter from a head portion of the road which is indi- 
cated by this link number. For example, in such a case 
that traffic information contains [position separated by 
200 m from head portion of road of link number = 
"11113333"], even when on-vehicle navigation ma- 
chines use any types of digital map databases, a posi- 
tion on the same road, namely a location indicated by 
the traffic information may be acquired by tracing such 
a location separated by 200 m from a node having a 
node number "1111" of the road defined by the link 
number "11113333." 

[0020] However, as shown in Fig. 58(b), as to node 
numbers and link numbers which have been defined in 
a road network, if a road "d" is newly constructed and 
the road is changed, then these numbers must be re- 
placed by new numbers. When the node numbers and 
the link numbers are changed, digital map data of vari- 
ous firms must be updated. 

[0021] Since constructions of roads and changes of 
roads are continuously carried out forthefuture, aplenty 
of work amounts and a great expense must be perma- 
nently required in order to perform maintenance opera- 
tions of digital map databases as far as the conventional 
road position display method realized by the node num- 
bers and the linknumbers Is utilized. Thus, there Is such 
a problem that this maintenance operation Is increased 
and causes heavy loads. 

[0022] There is another method for identifying roads 
by way of shape matching system (will also be referred 
to as "map matching system") based upon traffic infor- 
mation provided by the traffic Information providing cent- 
er 72. This shape matching system may largely depend 
upon processing performance of on-vehicle navigation 
machines provided on the reception side. As to a map 
matching operation executed in a conventional on-vehi- 
cle navigation machine, a matching process operation 



may be carried out one time every 1 second since only 
a map matching operation as to one place within a lim- 
ited area (normally, square of several hundreds meters) 
around the own vehicle position is required. Onthe other 

5 hand, with respect to route lines (roads) which are to be 
processed in a traffic information providing system, nor- 
mally, there are many roads such as speedways, nation- 
al roads, and major local roads. Furthermore, in city ar- 
eas, general roads belonging to the administrative divi- 

10 sions of Japan and a portion of city roads are involved 
in these route lines. Also, there are some possibilities 
that information acquiring route lines other than the ex- 
isting links are increased. 

[0023] As a consequence, the information processing 

15 capability of the conventional on-vehicle navigation ma- 
chines owns such a problem that a plenty of time is re- 
quired until a mad is Identified by executing a shape 
matching operation based upon received traffic informa- 
tion and then traffic information is displayed. 

20 [0024] The present Invention has been made to solve 
these problems, and has an object to provide a map 
matching method capable of realizing a high-speed 
process operation, and also, to provide an device and 
a computer program, which realize this map matching 

25 method. Furthermore, another object of the present in- 
vention is to provide a shape matching-purpose data- 
base and a shape matching device capable of providing 
positional information on a map while excessive main- 
tenance operation for a map database is not performed. 

30 Also, another object of the present invention is to pro- 
vide a shape matching-purpose database and a shape 
matching device, capable of quickly displaying, or rep- 
resenting information related to roads such as traffic In- 
formation. 

35 

<DISCLOSURE OF THE INVENT10N> 

[0025] To this end, in accordance with a map match- 
ing method of the present invention, with respect to road 

40 networks having an unequal condition in frequencies 
corresponding to a objective road of a map matching 
operation, priority orders are set In response to the fre- 
quencies; a road network which is matched with the ob- 
jective road is restricted based upon the priority order; 

45 and when a candidate road which is matched with a 
shape vector of the objecth/e road cannot be obtained, 
the restriction made based upon the priority order is re- 
laxed so as to broaden a range of road networks which 
are matched with the objective road. 

50 [0026] Also, while employing one sheet of map road 
network data including a set of road networks to whbh 
different weights have been applied, such a road net- 
work whose weight is relatively large is matched with a 
shape vector indicative of a shape of a objective road in 

55 a beginning stage; and when such a candidate road 
which is matched with the shape vector cannot be ob- 
tained in the road network whose weight is relatively 
large, since such a road network that a road network 
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whose weight is relatively small has been added to the 
road network Is matched with the shape vector, the ob- 
jective road is identified. 

[0027] Also, while employing road network data in 
which road networks are formed in a plurality of hierar- 
chical layers, and a road network of an upper-grade hi- 
erarchical layer Is established by such a road network 
which is extracted from a road network having a lower- 
grade hierarchical layer lower than the road network 
having the upper-grade hierarchical layer, a road net- 
work of a relatively upper-grade hierarchical layer is 
matched with a shape vector indicative of a shape of a 
objective road in a beginning stage; and when such a 
candidate road which is matched with the shape vector 
cannot be obtained in the road network of the relatively 
upper-grade hierarchical layer, since such a road net- 
work having a further lower-grade hierarchical layer is 
matched with the shape vector, the objective road Is 
identified. 

[0028] With employment of these arrangements, in 
the most cases, in map matching operations using roads 
having higher priority orders, roads having large 
weights, or a road network having an uppermost-grade 
hierarchical layer, a objective road can be identified, and 
thus, the map matching operation can be carried out in 
a high speed. 

[0029] Also, In accordance with the present invention, 
a receiving device is comprised of: a digital map; map 
matching-purpose road network data established by 
road networks whrch have been fomned from the digital 
map, and are formed In a plurality of hierarchical layers, 
and in which a road network having an upper-grade hi- 
erarchical layer has been extracted from a road network 
having a lower-grade hierarchical layer; a data receiving 
unit for receiving data which contains a shape vector in- 
dicative of a shape of a objective road; and a map 
matching unit for executing a map matching operation 
of the shape vector by using the road network data so 
as to Identify the objective road; in which the map match- 
ing unit matches the shape vector with a road network 
having the uppermost-grade hierarchical layer of the 
road network data in a beginning stage; and when a can- 
didate road which is matched with the shape vector can- 
not be obtained in the road network having the upper- 
most-grade hierarchical layer, since the map matching 
unit matches the shape vector with a road network hav- 
ing another hierarchical layer, the objective road is iden- 
tified. 

[0030] With employment of this an-angement, the ob- 
jective road contained in the reception information can 
be rapidly identified by executing the map matching op- 
eration. 

[0031] Also, in accordance with the present invention, 
an event infomnation providing device is comprised of: 
a digital map; map matching-purpose road network data 
established by road networks which have been formed 
from the digital map, and are formed in a plurality of hi- 
erarchbal layers, and in which a road network having 



an upper-grade hierarchical layer has been extracted 
from a road network having a lower-grade hierarchical 
layer; a map data information transmitting unit for dis- 
tributing both the digital map and the road network data; 
5 a shape vector data producing unit for producing a 
shape vector indicative of a shape of a objective road of 
event Information by using the data of the digital map; 
a shape vector deforming unit for performing an adding 
process operation of information for designating a hier- 
10 archical layerof the road network data to the shape vec- 
tor produced by the shape vector data producing unit; 
and an event infonnation transmitting unit for transmit- 
ting event infonnation containing the shape vector which 
is processed by the shape vector deforming unit. 
15 [0032] \Arrth employment of this arrangement, since 
the reception-sided device executes the map matching 
operation by using the road network having the desig- 
nated hierarchical layer of the map matching-purpose 
road network data distributed from the event information 
providing device, the objective road of the event infor- 
mation can be quickly and correctly identified. 
[0033] Also, in accordance with the present invention, 
an event information providing device is comprised of: 
a digital map; a parallel-traveling resembling shape cal- 
culating unit for calculating a parallel-traveling resem- 
bling shape link which is traveled in parallel to a link and 
has a shape resembled to the link from the data of the 
digital map; a shape vector data producing unit for pro- 
ducing a shape vector indicative of a shape of a objec- 
tive road of event information by using the data of the 
digital map; a shape vector deforming unit for executing 
a deforming process operation of the shape vector in 
such a manner that the shape vector defomning unit 
identifies as to whether or not the parallel-traveling re- 
sembling shaped link is present in the link of the objec- 
tive road by using the calculation result of the parallel- 
traveling resembling shape calculating unit; and when 
the parallel-traveling resembling shape link Is present, 
the shape vector deforming unit extends the objective 
road up to such a positron that the shape of the parallel- 
traveling resembling shaped link can be discriminated 
from the shape of the objective road; and an event in- 
formation transmitting unit for transmitting event infor- 
mation containing the shape vector which is processed 
by the shape vector deforming unit. 
[0034] With employment of this arrangement, in the 
reception-sided device which has received the event in- 
formation, when the candidate road Is identified by ex- 
ecuting the map matching operation using the road net- 
work having the upper-grade hierarchical layer, even if 
the parallel-traveling resembling shaped road which is 
resembled to the candidate road is present in the road 
network having the lower hierarchical layer, the decision 
of the employment of the candidate road can be clearly 
made by comparing these shapes with each other. Also, 
in accordance with a computer program of the present 
invention, the program causes a computer to execute: 
a sequence in which while employing road network data 
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established by road networks which are formed in a plu- 
rality of hierarchical layers and in which a road network 
having an upper-grade hierarchical layer has been ex- 
tracted f ronn a road network having a lower-grade hier- 
archical layer, a matching operation is carried out be- 
tween a road network having an uppermost-grade hier- 
archical layer and a shape vector indicative of a shape 
of a objective road; and when a candidate road which is 
matched with the shape vector cannot be obtained in 
the road network having the uppermost-grade hierarchi- 
cal layer, since the shape vector is matched with a road 
network having another hierarchical layer, a candidate 
road of the objective road is obtained; a sequence in 
which when a candidate road matched with the shaped 
vector can be obtained, a judgment is made as to wheth- 
er or not a parallel-travelling resembling shaped road 
whrch is traveled in parallel to the objective road and has 
a resembling shape thereto is present in a road network 
having a lower hierarchical layer than the hierarchical 
layer of the road network where the candidate road 
could be obtained; a sequence in which when the par- 
allel-traveling resembling shaped road is present, a 
shape of the shape vector, a shape of the candidate 
road, and a shape of the parallel-traveling resembling 
shaped road are compared with each other in order to 
judge as to whether or not an employment of the candi- 
date road is acceptable; and a sequence in whrch when 
it cannot be judged that the employment of the candi- 
date road is acceptable, a matching operation with re- 
spect to the shape vector is newly carried out by using 
a road network having a lower hierarchical layer than 
the hierarchical layer of the road network from which the 
candidate road has been acquired. 
[0035] With employment of such an arrangement, the 
objective road can be quickly and correctly identified by 
executing the map matching operation. 
[0036] In ashapematching database according to the 
present invention, in such a case that a road position on 
a digital map is informed, such a shape matching-pur- 
pose database having a plurality of hierarchical layers 
and In which a road network is expressed by a node and 
a link in each of the hierarchical layers, which is com- 
prised of: the uppermost-grade hierarchical layer having 
a node and a link, which represent the most important 
road; and respective layers which are sequentially sub- 
divided from the uppemnost-grade hierarchical layer to 
a lower-grade hierarchical layer based upon important 
characteristics of the node and the link, which represent 
a road; In which both a node and a link which should be 
shape-matched from the road network are restricted by 
using the respective layers. As a result, the node and 
the link which should be processed by the shape match- 
ing operation can be grasped, so that the overall 
processing speed can be increased. 
[0037] Also, in a shape matching device according to 
the present invention, such a shape matching device for 
executing a shape matching operation by using both the 
shape matching-purpose map database and the shape 



vector, recited in Claim 26, is arranged by that the shape 
matching device executes a shape matching operation 
from the uppennost-grade hierarchical layer; in the case 
that the shape matching operation can succeed in the 

5 uppermost-grade hierarchical layer and both a node and 
a link can be identified, the process operation is accom- 
plished; in the case that both a node and a link, which 
correspond to the shape vector, cannot be identified, the 
shape matching operation is transferred to a lower- 

10 grade hierarchical layer and a shape matching opera- 
tion is carried out; and an object for a shape matching 
operation is sequentially transferred to a next hierarchi- 
cal layer so as to perform a shape matching operation. 
As a consequence, the shape matching operation can 

15 be carried out with respect also to such a node and a 
link which indicate a very narrow road. 
[0038] Also, in a shape matching device according to 
the present invention, while a common node Is provided 
during the plurality of hierarchical layers, the object of 

20 the shape matching operation is transferred from the 
common node to the next hierarchical layer, and results 
of shape matching operations in the respective hierar- 
chical layers are coupled to each other by the common 
node so as to perform a shape matching operation. As 

25 a consequence, the transferring operation between the 
hierarchical layers can be easily carried out, and the da- 
ta can be readily coupled to each other. 
[0039] Also, in a shape matching device according to 
the present Invention, if such a road identifying method 

30 is realized in such a manner that while an identifier is 
applied to a link which is defined also in an upper-grade 
layer, the shape matching operation is transferred to the 
upper-grade layer by using the identifier so as to perform 
a shape matching operation, then the shape matching 

35 operation can be rapidly carried out in a layer where 
links and nodes are arranged under coarse condition. 
[0040] Also, in a shape matching devk^e according to 
the present invention, in the case that the shape match- 
ing operation fails in the predetermined hierarchical lay- 

40 er, while an absolute position indicative of the place is 
utilized, if the shape matching operation is sequentially 
transferred to a lower-grade layer so as to execute a 
shape matching operation, then the matching opera- 
tions executed in the respective hierarchical layers can 

45 be coupled to each other in an easy manner. Also, while 
such a map database Is stored, if such a server is em- 
ployed whteh transmits either a portion or all of the map 
data in response to a predetermined signal, then a large 
number of persons can readily use the map database. 

50 [0041] Also, in the shape matching-purpose data- 
base, the higher the upper-grade layer becomes, the 
coarser a total node number of the shape vector is 
made. 

[0042] Also, in a shape vector transmitting server, the 
55 shape vector transmitting server stores thereinto the 
shape vector-purpose database recited in claim 26, or 
claim 31 , and transmits either a portion or all of the 
shape vectors in response to a predetennined signal. 
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[0043] Also, in a shape matching device according to 
the present invention, when a shape nnatching operation 
is carried out in an upper-grade layer, a node is thinned 
from a node string to be a shape vector by using infor- 
mation as to a link length; and a shape matching oper- s 
ation is carried out by using a thinned node string. As a 
result, a higher-speed process operation can be real- 
ized. 

[0044] Furthermore, in a shape matching device ac- 
cording to the present invention = while such an addition- io 
al infonnation as a road sort and a toll road code is add- 
ed to a shape vector, if such a hierarchical layer which 
is firstly shape-matched is selected by using the addi- 
tional information, then such a useless process opera- 
tion that the shape matching operations are carried out is 
for all of the hierarchical layers from the uppermost- 
grade hierarchical layer can be avoided. 



<BRIEF DESCRIPTION OF THE DRAWINGS> 
[0045] 



20 



Fig. 1 is a diagram for indicating a data structure of 
digital map data in accordance with a first embodi- 
ment mode of the present invention, 2S 
Fig. 2 is a diagram for schematically showing a map 
match ing-purpose road network having a hierarchi- 
cal structure in accordance with the first embodi- 
ment mode of the present invention. 
Fig. 3 is a diagram for indicating a data structure of 3o 
' the map matching-purpose road network data hav- 
' ing the hierarchical structure in accordance with the 

first embodiment mode of the present invention. 
^ Fig. 4 shows a printed digital map indicative of road 

shapes. 35 
- Fig. 5 is a flow chari: for describing a sequential op- 
eration of a map matching operation in accordance 
with the first embodiment mode of the present In- 
vention. 

Fig. 6 is a block diagram for representing both an 40 
arrangement of a transmission-sided devk^ and an 
arrangement of a reception-sided devtee in accord- 
ance with the first embodiment mode of the present 
invention. 

Fig. 7 is a flow chart for Indicating a sequential op- 45 
eration in which a map matching operation Is carried 
out in an upper-grade layer as high as being per- 
mitted in accordance with the first embodiment 
mode of the present invention. 

Fig. 8 is a diagram for Indicating parallel-traveling 50 
resembling shaped roads. 

Fig. 9 is a diagram for representing a parallel- 
traveling resembling shaped road which is cut in a 
half way thereof. 

Fig. 1 0 Is a diagram for showing a data structure of 55 
map matching-purpose road network data to which 
parallel-traveling resembling shaped road present/ 
absent information has been added in accordance 



with the first embodiment mode of the present in- 
vention. 

Fig. 11 is a diagram for representing parallel- 
traveling resembling shaped roads which are not 
link-connected to each other at a crossing point 
Fig. 12 is a diagram for showing map matching-pur- 
pose road network data to which parallel-traveling 
resembling shaped road present/absent informa- 
tion has been added in accordance with the first em- 
bodiment mode of the present invention. 
Fig. 13 is a flow chart for showing a possibility judg- 
ing sequence of erroneous matching operation by 
comparing shapes with each other in accordance 
with the first embodiment mode of the present in- 
vention. 

Fig. 1 4 is a diagram for comparing a shape of a road 
which is identified by a shape vector and a map 
matching operation with a parallel-travelling resem- 
bling shaped road. 

Fig. 15 is a diagram for showing such a condition 
that a parallel-traveling resembling shaped road is 
present within only a partial section. 
Fig. 16 is a diagram for representing a objective 
road which bridges a plurality of hierarchical layers 
which should be processed by a map matching 
method according to a second embodiment mode 
of the present invention. 

Fig. 17 is a diagram for showing interlayer linking 
nodes which are set in the map matching operation 
in accordance with the second embodiment mode 
of the present invention. 

Fig, 18 Is a diagram for explaining a definition of an 
interlayer linking node set In the map matching op- 
eration In accordance with the second embodiment 
mode of the present invention. 
Fig. 19 is a diagram for explaining a recommended 
skip distance which is defined in a map matching 
operation in accordance with a third embodiment 
mode of the present invention. 
Fig. 20 Is a diagram for explaining a recommended 
skip distance for designating a featured portion 
which is defined in the map matching operation in 
accordance with the third embodiment mode of the 
present invention. 

Fig. 21 is a diagram for indicating map matching- 
purpose road network data in accordance with a 
fourth embodiment mode of the present invention. 
Fig. 22 is a flow chart for describing a process se- 
quence of the map matching operation in accord- 
ance with the fourth embodiment mode of the 
present invention. 

Fig. 23 is a diagram for schematically showing a 
map matching process operation in accordance 
with the fourth embodiment mode of the present in- 
vention. 

Fig. 24 is a diagram for showing shape vector data 
which is received in accordance with a fifth embod- 
iment mode of the present invention. 
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Fig. 25 is a flow chart for describing a sequential 
operation for determining a candidate point search- 
ing range in the map matching operation in the fifth 
embodiment mode of the present invention. 
Fig. 26 Is a flow chart for indicating an updating se- 5 
quentiai operation of road networtc data having a hi- 
erarchical structure in accordance with a sixth em- 
bodiment mode of the present invention. 
Fig. 27 is a diagram for schematically showing a se- 
quential operation for producing data of a cache lay- io 
er utilized in a map matching operation according 
to a seventh embodiment mode of the present in- 
vention. 

Fig. 28 is a diagram for representing a data struc- 
ture of the data of the cache layer utilized in the map is 
matching operation in accordance with the seventh 
embodiment mode of the present invention. 
Fig. 29 is a diagram for indicating a linl< which is hit 
in the map matching operation. 

Fig. 30 is a block diagram for indicating a transmis- 20 
slon-sided device for distributing road network data 
having a hierarchical stmcture according to an 
eighth embodiment mode of the present invention. 
Fig. 31 is a diagram for representing a data struc- 
ture of shape vector data which is transmitted by 25 
the transmission-sided device In accordance with 
the eighth embodiment mode of the present inven- 
tion. 

Fig. 32 is a block diagram for representing an ar- 
rangement of a transmission-sided device for ad- 3o 
justing a objective road section in accordance with 
the eighth embodiment mode of the present inven- 
tion. 

Fig. 33 Is a flow chart for describing a sequential 
operation for extracting parallel-traveling resem- 35 
bling shapes, executed by the' transmission-sided 
device in accordance with the eighth embodiment 
mode of the present invention. 
Fig. 34 is a flow chart for explaining a shape vector 
producing sequential operation of the transmission- ^0 
sided device in accordance with the eighth embod- 
iment mode of the present invention. 
Fig. 35 is a diagram for indicating the process se- 
quential operation of the conventional macro map 
matching operation. 45 
Fig. 36 is a diagram for showing the data stmcture 
of the traffic information which is provided with the 
shape vector for the objective road. 
Fig. 37 is a diagram for indicating the data stmcture 
of the traffic information whfch has been encoded so 
in connection with the shape vector of the objective 
road to be provided. 

Fig. 38 is a flow chart for indicating a process se- 
quential operation of a map matching operation in 
accordance with a tenth embodiment mode of the ^5 
present invention. 

Fig. 39 is a diagram for indicating map data em- 
ployed in the map matching operation in accord- 



ance with the tenth embodiment mode of the 
present invention. 

Fig. 40 is a flow chart for explaining a producing se- 
quential operation of road network data having a hi- 
erarchical structure in accordance with a ninth em- 
bodiment mode of the present invention. 
Fig. 41 is a diagram for indicating a producing 
mechanism of the road network data having the hi- 
erarchical structure in accordance with the ninth 
embodiment mode of the present invention. 
Fig. 42 is a diagram for representing such a condi- 
tion that the hierarchical structure of the present In- 
vention is applied to the information exchanging 
system. 

Fig. 43 is a diagram for indicating an arrangement 
of a system for transmitting/receiving event infor- 
mation based upon shape matching operation. 
Fig. 44 is an example for indicating a stmcture of 
event information. 

Fig. 45 is a diagram for Indicating an information for- 
mat of a link. 

Fig. 46 is a diagram for showing infonnation of a 
node. 

Fig. 47 is a diagram for representing shape vector 
data. 

Fig. 48 is a diagram for showing a shape vector 
which is transmitted. 

Fig. 49 is a conceptional view for representing a 
shape matching operation based upon a hierarchi- 
cal layer. 

Fig. 50 is a diagram for showing a process flow op- 
eration for explaining the shape matching operation 
based upon the hierarchical layer. 
Fig. 51 is a conceptional view for indicating a shape 
matching operation based upon. the hierarchical 
layer in the case that a hierarchy common node is 
employed. 

Fig. 52 is a diagram for indicating a shape vector 
which is transmitted In the case that the hierarchical 
layer common node Is employed. 
Fig. 53 Is a diagram for representing a shape vector 
which is transmitted in the case that a link having a 
hierarchical layer identifier is employed. 
Fig. 54 is a conceptional diagram for representing 
a shape matching operation based upon a hierar- 
chical layer in the case that the link having the hier- 
archical layer identifier is employed. 
Fig. 55 is a diagram for indicating a matching oper- 
ation result obtained in the case that the link having 
the hierarchical layer Identifier is employed. 
Fig. 56 is a diagram for showing a process flow op- 
eration for describing a shape matching operation 
based upon a hierarchical layer in the case that a 
node owns hierarchical layer information. 
Fig. 57 is a diagram for indteating the traffic infor- 
mation providing center in the prior art. 
Fig. 58 is a diagram for showing the conventional 
Idea used to identify the nodes and the links. 
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[0046] It should be noted that reference numerals 
shown in the drawings are described as follows: 



10 


reception-sided device; 




11 


data receiving unit; 


5 


12 


shape vector expressing event information da- 
tabase; 




14 


map matching unit; 




15 


display unit/event infomnation utilizing unit; 




16 


digital map B database; 


10 


17 


map data information receiving unit; 




30 


transmission-sided device; 




31 


data transmitting unit; 




32 


shape vector expressing event information da- 






tabase; 


15 


33 


feature node extracting/shape vector deforming 
unit; 




34 


shape vector data expressing infomnatlon pro- 
ducing unit; 




35 


digital map A database; 


20 


36 


event information database; 




37 


map data information transmuting unit; 




38 


hierarchical layer structure road network data; 




39 


parallel-traveling resembling shape calculating 






unit; 


25 


40 


parallel-traveling resembling shape database; 




113 


hierarchical layer structure road networi< data; 




116 


digital map data A; 




Ps 


start Ijnk; 




Pe 


end link; 


30 


Pp 


common link; 




Ps 


start link: 




81 


data transmitting unit; 




82: 
83 


shape vector expressing event information data; 
feature node extracting/shape vector defonnlng 
unit; 


35 


84 


shape vector expressing Infomnation producing 
unit; 




85 


event information data; 




86 


map database; 


40 


87 


transmitting device; 




88 


receiving device; 




241 


upper-grade hierarchical layer; 




242 


middle-grade hierarchical layer; 




261 


upper-grade layer; 


45 


262 


middle-grade layer; 




263 


link; 




264 


link; 




265 


link; 





50 

<BEST MODE FOR CARRYING OUT THE 
INVENTION> 



(FIRST EMBODIMENT MODE) 

55 

[0047] In a first embodiment mode of the present in- 
vention, a description is made of a basic conceptional 
idea as to a map matching method of the present inven- 



tion. 

[0048] A reception-sided device which executes a 
map matching operation owns such a digital data as 
shown in Fig. 1 . In this map data, infonnation as to nodes 
and links are described which are located within sec- 
tions defined by a header. The node information con- 
tains a total number of the nodes, node numbers of Ihe 
respective nodes, node attribute information of the re- 
spective nodes, latitude and longitude of the respective 
nodes, and also, Information as to connection nodes 
and connection links, which are connected to the re- 
spective nodes. Also, the link information contains a to- 
tal number of the links, link numbers, attribute informa- 
tion indicative of road sorts of the links, a total number 
of interpolation points whfch define shapes of the links, 
and Infomation as to latitude and longitude of the re- 
spective interpolation points. 

[0049] It should be understood that the node num- 
bers, the link numbers, and the interpolation numbers 
have been independently set by a producer of this map 
data, but have no common characteristics with respect 
to those of map data formed by another map data pro- 
ducer. 

[0050] The reception-sided device fonms road net- 
work data having a hierarchba! layer structure used for 
a map matching operation based on this map data. 
[0051] Fig. 2 indicates a conceptional idea of the road 
network data of this hierarchical layer structure. In this 
drawing, an example of a three-layer hierarchical struc- 
ture is represented. Also, Fig. 3 indicates an example of 
road network data of each of the hierarchical layers. Fig. 
2(c) corresponds to road network data of the lowermost 
layer of the hierarchical layer structure, to which data as 
to all of road networks are contained. An example of this 
road network data of this lowermost layer is represented 
in Fig. 3(c). This road network data corresponds to such 
a map data similar to Fig. 1. Fig. 2(b) corresponds to 
road network data of a middle-grade layer which con- 
tains only such roads, the road widths of which are larger 
than, or equal to 5.5 m. This road network data is Indi- 
cated In Fig. 3(b). Fig. 2(a) corresponds to road networi< 
data containing only main route roads which are greater 
than, or equal to major local roads. This road networic 
data is shown in Fig. 3(a). 

[0052] Data fomiats of the road networi< data of the 
upper-grade layer, the middle-grade layer, and the low- 
er-grade layer are identical to each other. It should also 
be noted that node numbers, link numbers, and Interpo- 
lation point numbers are thinned as large as being per- 
mitted as to the upper-grade layer As to a node number, 
such a number applied in the lowemnost layer is directly 
used as a number of the corresponding node in the up- 
per-grade layer. As to link numbers, it is preferable to 
apply such numbers which are unique to links of the re- 
spective layers in order that these unique link numbers 
are not repeated over all of the layers. 
[0053] It should also be noted that although the 3-lay- 
er hierarchical structure has been exemplified in this ex- 
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ample, a total number of hierarchies may be selected to 
be larger than, or equal to 3. 

[0054] Fig. 6 shows an arrangement of the reception- 
sided device 10 and an arrangement of a transmission- 
sided device 30. The reception-sided device 10 holds 
the road network data having this hierarchical structure. 
The transmission-sided device 30 provides both traffic 
infomnation and shape vector data of road shapes to the 
reception -sided device 10. 

[0055] The transmission-sided device 30 is provided 
with a database 36, another database 35, a shape vec- 
tor data expressing information producing unit 34, a fea- 
ture node extracting/shape vector deforming unit 33, a 
shape vector expressing event infomiation database 
32, and a data transmitting unit 31 . The database 36 
stores thereinto event infomnation such as traffic infor- 
mation. The database 35 stores thereinto digital map A. 
The shape vector data expressing information produc- 
ing unit 34 produces event information in which a objec- 
tive road is expressed by shape vector data by using the 
data of the databases 35 and 36. The feature node ex- 
tracting/shape vector deforming unit 33 adds a portion 
of a shape of an intersecting road to shape vector data 
at a featured node position in order to prevent an error 
matching operation and to correct a relative distance. 
The shape vector expressing event infomnation data- 
base 32 stores thereinto both the shape vector data and 
the event information data, which have been produced. 
The data transmitting unit 31 transmits these data. Ei- 
ther data shown in Fig. 36 or data shown in Fig. 37 Is 
transmitted from the data transmitting unit 31 . 
[0056] On the other hand, the reception-sided device 
10 is equipped with a data receiving unit 11 , a shape 
vector expressing event infomnation database 12, a map 
matching unit 14, a data base 16, and a display unit/ 
event information utilizing unit 15. The data receiving 
unit 11 receives data. The shape vector expressing 
event infomnation database 12 stores thereinto the re- 
ceived data. The map matching unit 14 identifies a ob- 
jective road by performing a map matching operation by 
using the road network data 13 having the hierarchk^al 
layer structure. The database 16 stores thereinto digital 
map B. The display unit/event information utilizing unit 
15 displays and utilizes event information. 
[0057] It should also be noted that the map matching 
unit 14 may be realized by causing a computer of this 
reception-sided device 1 0 to execute a process opera- 
tion defined by a computer program. 
[0058] The road network data 13 of the hierarchical 
layer structure is previously produced by using the dig- 
ital map B of the database 1 6 (producing sequential op- 
eration thereof will be explained later). Also, a producer 
of the digital map B held in the database 16 of the re- 
ception-sided device 10 is different from a producer of 
the digital map A held in the database 35 of the trans- 
mission-sided device 30. 

[0059] Also, the display unit/event infomnation utiliz- 
ing unit 15 displays a traffic jam place on a map, and 



searches a route by considering a traffic jam while traffic 
information of a objective road is employed. 
[0060] A flow chart of Fig. 5 indicates a process se- 
quential operation of a map matching operation in the 
5 case that the reception -sided device 1 0 which holds the 
road network data 13 of this hierarchical layer structure 
receives shape vector data of a objective road I rem the 
transmission-slded device 30. 

[0061] When the reception-sided device 10 receives 
10 the shape vector data of the objective road, the recep- 
tion-sided device 1 0 executes a map matching opera- 
tion while the road network data of the upper-grade layer 
is employed as high as being permitted, and nodes con- 
tained in the shape vector data are used as WP (step 
15 1). A concrete sequential operation thereof will be ex- 
plained later. As the process operation itself of the map 
matching operation, the method such as the macro map 
matching method is used whteh has been convention- 
ally known. 

20 [0062] The higher the layer becomes, the coarser the 
road network becomes, so that a total number of candi- 
date points located around WP is small, and a process- 
ing operation of the map matching process operation 
can be carried out in a higher speed. 

25 [0063] On the other hand, normally, subject routes of 
traffk; infonmation correspond to speedways (express- 
ways), national roads, and major local roads (noted that 
important general-purpose roads belonging to the ad- 
ministrative divisions of Japan, and traffic Infomnation as 

30 to a portion of city roads are also provided in city area). 
The probability at which a objective road can be identi- 
fied in a map matching operation by using road network 
data of an upper-grade layer is very high, 
[0064] If such a case occurs in which the objective 

35 road cannot be Identified by using the road network data 
of the upper-grade layer (for Instance, in the case that 
candidate point cannot be set), a map matching opera- 
tion is newly carried out by using road network data of 
a lower grade. 

40 [0065] Also, even in such a case that the objective 
road can be identified by performing the map matching 
operation with employment of the road network data of 
the upper-grade layer, when such a road is present 
which is traveled in parallel thereto, there are some pos- 

45 sibilities that an erroneous matching operation is carried 
out. 

[0066] For Instance, in Fig. 4, assuming now that a 
wide solid line and a wide chained lines correspond to 
major local roads; a dotted line corresponds to a road 

50 belonging to the administrative divisions of Japan; and 
roads which are located between the above-described 
lines correspond to living roads, the widths of which are 
shorter than, or equal to 5.5 m; the road network data 
of the uppermost-grade layer contains only both the 

55 wide solid line and the wide chained line, whereas the 
dotted line Is contained in the road network data of the 
middle-grade layer and the road network data of the low- 
ermost layer, and the living roads are contained only in 
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the road network data of the lowermost-grade layer. 
[0067] In the case that the wide chained line can be 
identified by a nnap matching operation with employ- 
ment of this road network data of the uppermost-grade 
layer, even when a map matching operation is carried 
out by using both the road network data of the middle- 
grade layer and the road network data of ihe lowermost- 
grade layer, such a road which is replaced by the wide 
chained line cannot be identified. 

[0068] However, In such a case that the wide solid line 
can be identified in a map matching operation with em- 
ployment of the road network data of the uppehnost- 
grade layer, there are some possibilities. That is, if a 
map matching operation is carried out by using the road 
network data of the middle-grade layer, then the dotted 
line is identified. Also, if a map matching operation is 
carried out by using the road network data of the lower- 
most-grade layer, living roads are identified which are 
traveled in parallel to the wide solid line and the dotted 
line. In other words, there is a certain possibility that 
such a condition that the wide solid line is determined 
as the objective road, which has been defined In the map 
matching operation using the road network data of the 
uppennost-grade layer, may cause an occurrence of an 
erroneous matching operation. 

[0069] As a consequencie, a judgement is made as to 
whether or not such a road which may be erroneously 
map-matched at a peripheral area of the identified road 
is present in the road network data of the lower-grade 
layer (step 2). A concrete sequential operation of this 
judgement will be discussed later. 
[0070] In the case that such a road which may be er- 
roneously map-matched is present, the road which has 
been defined by using the road network data of the up- 
per^rade layer is determined as the objective road 
(step 6). 

[0071 ] Also, in such a case that such a road is present 
which may be erroneously map-matched at the periph- 
eral area of the identified road, a shape comparing op- 
eration Is carried out with respect to shape vector data 
in order to check as to whether or not the identified road 
correctly corresponds to the objective road (step 4). A 
concrete method of this shape comparing operation will 
be explained later. 

[0072] Based upon a result of this shape comparing 
operation, a judgement is made as to whether or not the 
road which has been identified based upon the road net- 
work data of the upper-grade layer is correct as the ob- 
jective road (step 5). If this identified road is connect, then 
the identified road is detemnined as the objective road 
(step 6). On the other hand, when it cannot be judged 
thatthe identified road is corrected as the objective road, 
a map matching operation is newly carried out by using 
the road network data of the lower-grade layer (step 7). 
[0073] As previously explained, such a condition that 
the map matching operation is newly carried out by us- 
ing the road network data of the lower-grade layer after 
the map matching operation has been earned out by us- 



ing the road network data of the upper-grade layer may 
cause the process operation executed in the upper- 
grade layer to become useless, and may cause a 
processing efficiency to be lowered, as compared with 

5 a processing efficiency achieved In such a case that a 
map matching process operation Is carried out in the 
lower-grade layer from the beginning stage. However, 
in the case that a map matching operation in the upper- 
grade layer can succeed, and further, a parallel- 

^0 traveling road which may be erroneously map-matched 
is not present, a process operation may be finished in 
an instant. As a consequence, in total performance ob- 
tained in several tens to several hundreds of map 
matching process operations, such a sequential opera- 

15 tion owns a merit, in whk^h the map matching operation 
of the road network data of the upper-grade layer is com- 
menced In accordance with the sequential operation of 
Fig- 5. 

[0074] Fig. 7 shows an example of the process se- 
20 quential operation defined in the step 1 of Fig. 6, namely, 
a process sequential operation in which a map matching 
operation is carried out as high as being permitted in 
high-grade layers. 

[0075] The hierarchical layer of the road networic data 
25 which is used in the map matching operation is set to 
the highest grade (layer number = 1) (step 10). While a 
node of shape vector data of a objective road is set as 
a WP, a map matching operation is carried out (step 11). 
[0076] An evaluation value is calculated based upon 
30 a distance error and an azimuth error between the WP 
and a candidate point of the selected shape pattern 
(step 12). The evaluation value is calculated in accord- 
ance with, for example, the below-mentioned formula: 

35 

evaluation value O = {X (a-Lj+piej-Gj'l)}/S 

[0077] In this fomnula, symbol "Lj" indicates a distance 
between WPfl) and the candidate point (j); symbol "ej" 

40 represents an absolute angle of WP(j); symbol "ej'" In- 
dicates an absolute angle of the candidate point Q); sym- 
bol "S" shows a distance of a shape pattern ; and sym- 
bols "a" and "p" are coefficients. 
[0078] Setting of the candidate point can succeed, 

45 and a judgment is made as to whether or not the eval- 
uation value of the candidate point is defined within a 
defined value (step 13). When the evaluation value of 
the candidate point is defined within the defined value, 
a objective road is defined based upon the selected 

50 shape pattern (step 14). 

[0079] Also, in the step 13, when setting of the candi- 
date point cannot succeed, or the evaluation value of 
the candidate point exceeds the defined value, a dis- 
crimination is made as to whether or not a hierarchical 

55 layer of the used road network data corresponds to the 
lowemriost layer (step 16). When the hierarchical layer 
corresponds to the lowermost layer, it is so assumed 
that the map matching operation fails, and then, the 
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process operation is accomplished (step 17). 
[0080] Also, in such a case tliat tlie hierarchical layer 
of the used road network data does not correspond to 
the lowennost layer In the step 16, the sequential oper- 
ations defined from the step 11 are repeatedly carried 
out by using such a road networic data, the layer number 
of which is decreased by 1 . 

[0081] Since such a sequential operation is carried 
out, the map matching operation can be carried out in a 
high-grade layer as high as being pemiitted. 
[0082] Next, a description is made of the judging proc- 
ess operation of the step 2 of Fig. 5. 
[0083] In order that a judgment can be made as to 
whether or not such a road which may be erroneously 
map-matched and is located at a peripheral area of the 
objective road identified in the upper-grade layer is 
present in the road network data of the lower grade, at- 
tribute infomnation (parallel-traveling resembling shape 
attribute) is previously added as link infonnation to the 
road network data of the upper-grade hierarchical layer. 
The attribute information indicates as to whether or not 
a parallel-traveling shaped road is present. A road which 
is parallel-traveled implies a resembling shaped road, 
the angle difference of which is smaller than a predeter- 
mined angle, in this specification. Generally speaking, 
infomnation as to a parallel-traveling resembling shape 
attribute may be produced by using one, or more items 
of a plurality of WPs which have been set on the relevant 
road of the upper-grade layer, distances and azimuth 
differences between the plural WPs and con^esponding 
proximate points on the adjoining roads, connection 
characteristics between the proximate points, and rout- 
ed distances. A detailed explanation is given as follows: 
[0084] I n order to evaluate as to whether or not a par- 
allel-traveling resembling shaped road is present in 
each of links of an upper-grade layer, 

(1) as shown in Fig. 8, "WP(Pj)" are properly set 
along the link of the upper-grade layer (center 
points among interpolation points and in unit of fixed 
length). 

(2) A vertical line is drawn from each of WP(Pj) onto 
"n" pieces of peripheral roads which are contained 
in the lower-grade layer so as to set candidate 
points Pnj' are set on the respective peripheral 
roads, and then, an evaluation value with respect 
to each of the peripheral roads is calculated in ac- 
cordance with the below-mentioned formula: 

evaluation value O = {Z (a Lnj+piej-enj'l)}/S 

In this formula, symbol "Lnj" shows a distance 
between WP(Pj) and the candidate point (Pnj'); 
symbol "ej" represents an absolute angle of WP(Pj); 
symbol "S" shows a link length; and symbols "a" and 
"p" denote coefficients. 

In order to evaluate that the parallel-traveling 



resembling shaped road is present with respect to 
the link of the upper-grade layer, such a condition 
that this evaluation value with respect to the periph- 
eral road is smaller than, or equal to a constant val- 
5 ue Is a necessary condition. 

(3) In order to evaluate that the parallel-traveling re- 
sembling shaped road is present with respect to the 
link of the upper-grade layer, such a condition that 
a candidate position (Pnj-V) on the peripheral road 

10 and the candidate position (Pnj') are connected as 
to all of "j" is a necessary condition. As indicated in 
Fig. 9, in such a case that a portion of a peripheral 
road corresponding to a link of an upper-grade layer 
is cut, since an error matching operation does not 

*5 occur, this peripheral road is derived from an object 
for the parallel-traveling resembling shaped road. 

(4) In orderto evaluate that the parallel-traveling re- 
sembling shaped road is present with respect to the 
link of the upper-grade layer, such a condition that 

20 as to all of "j" on the peripheral road, an accumulat- 
ed value of declination absolute values with respect 
to the shortest route between the candidate p c ? r:>^ 
(Pnj-1*) and the candidate position (Pnj) is s-r:--^ 
than, or equal to a constant value, and further, roui- 

25 ed distances WP(Pj-1 ) to WP(Pj) between the two 
points are substantially equal to each other is a nec- 
essary condition. Otherwise, such a condition that 
a fluctuation of the distances (Lnj) is smaller than, 
or equal to a constant value. 

30 

[0085] It is so assumed that if the above-described 
conditions (2), (3), (4) are processed by way of AND- 
gating condition and all of these conditions can be sat- 
isfied, the parallel-traveling resembling shaped road is 

35 present with respect to the I Ink of the upper-grade layer. 
[0086] As indicated in Fig. 10(a), as the attribute in- 
formation of the respective links, the parallel-traveling 
resembling shape attributes of the links are added to the 
road network data, and as represented in Fig. 10(b), 

40 presence/absence of a parallel-traveling resembling 
shaped road is described in the road network data 
(namely, presence/presence of partial section/ab- 
sence). 

[0087] Also, such an infomnation "connection (pres- 
45 ence/absence) at up-stream/down-stream sided inter- 
sections) is added to the parallel-traveling resembling 
shape attribute. This infomnation Indicates as to whether 
or not this parallel-traveling resembling shaped road is 
connected to parallel-traveling resembling shaped 
50 roads at Intersections, which are located adjacent to 
each other and In the links of the up stream and the down 
stream. From this information, it can be grasped as to 
whether or not the parallel-traveling resembling shaped 
roads which are present with respect to the respective 
55 links of the upper-grade layer are connected to each oth- 
er. If the parallel-traveling resembling shaped roads are 
not connected to each other then such a judgement can 
be made that there is no risk as to an occurrence of an 
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erroneous matching operation. For example, as shown 
in Fig. 11 Jn such a case that a resembling shaped link 
(qj + 1') corresponding to an adjoining link (qj + 1) of a 
downstream side of the own link (cy) is not connected to 
a resembling shaped link (qf) of the own link (qj) at an 
intersection, there is no risk that a road of an upper- 
grade layer is erroneously matched with a parallel- 
traveling resembling shaped road of a lower-grade lay- 
er. 

[0088] Since such a parallel-traveling resembling 
shape attribute of the link is previously added to the road 
network data, the process operation defined in the step 
2 of Fig. 5 may be carried out as follows: 
[0089] That is to say, a reference is made of the par- 
allel-traveling resembling shape attributes of the re- 
spective links included in the identified road section from 
the road network data which has been employed so as 
to define the objective road in the step 1 . 
[0090] Then , in such a case that the parallel-traveling 
resembling shapes are present within sections larger 
than, or equal to a portion of this road section, and fur- 
thennore, a connection of intersection portions is also 
present, such a judgment is made of "there are some 
possibilities that resembling shaped road Is present In 
the vicinity thereof in lower-grade layer." In other cases, 
it is so judged as "NO." 

[0091] It should be noted that this judgment may be 
alternatively carried out by considering an occurrence 
ratio of erroneous matching operations and the evalua- 
tion value calculated in the above-described item 

(2). 

[0092] It should also be noted that the evaluation val- 
ue -O" used to evaluate the presence of the parallel- 
traveling resembling shaped road may also be calculat- 
ed ^-firbm another formula. 

[0093] Alternatively, when the presence of the paral- 
lel-traveling resembling shaped road is evaluated, an al- 
gorithm of a pattern matching operation maybe applied. 
[0094] Next, the description is made of an example of 
the shape comparing operation defined in the step 4 of 
Fig. 5. 

[0095] In order to readily perform this shape compar- 
ing operation, both a shape of the relevant link and a 
representative value indicative of a shape of a parallel- 
traveling resembling shaped road, namely "shape rep- 
resentative value" are contained in the parallel-traveling 
resembling shape attribute of the link which is added to 
the road network data. 

[0096] As th is shape representative value, the below- 
mentioned values are employed: 

"declination accumulated value": As indicated In 
Fig. 8, assuming now that positions on the parallel- 
traveling resembling shaped road are equal to Pj' (j 
= 1 to N), which correspond to WP(pj) G = 1 to N) 
arranged in an equi-distance on the link of the up- 
per-grade layer, a declination accumulated value of 
the link is obtained by adding declinations to each 



other at WP(P]) (j = 1 to N), and also, a declination 
accumulated value of the parallel-traveling resem- 
bling shaped road is obtained by declinations to 
each other at the positions Pj' (J = 1 to N). 
3 - "declination absolute value accumulated value": A 
declination absolute value accumulated value of the 
link is obtained by adding declination absolute val- 
ues to each other at WP(Pj) (j = 1 to N), and a dec- 
lination absolute value accumulated value of the 
parallel-traveling resembling shaped road is ob- 
tained by adding declination absolute values to 
each other at the positions Pj' (j = 1 to N). 
"fluctuation with respect to relevant road (parailei- 
traveting road) of upper-grade layer": This fluctua- 
tion is expressed by standard deviation of distances 
Lj 0 = 1 to N) between WP(PJ) and the positions Pj'. 

[0097] In addition, a frequency spectrum and the like 
may be employed. 

[0098] Fig. 1 2 shows road network data in which such 
information has been added to a parallel-traveling re- 
sembling shape attribute, and furthennore, as to each 
of parallel-traveling resembling shaped roads, the be- 
low-mentioned items have been added thereto. That is, 
declination accumulated values of links, declination ab- 
soluted value accumulated values of the links, and a to- 
tal number of parallel-traveling resembling shapes have 
been added to the parallel-traveling resembling shape 
attribute. Furthermore, these items correspond to a re- 
sembling shape evaluation value (evaluation value "€>" 
of (2)); a hierarchical layer; a road attribute; an entire/ 
partial discrimination for indicating as to whether or not 
this parallel-traveling resembling shape is present in a 
portion of the link, or an entire portion of the link; a dec- 
lination accumulated value; a declination absolute value 
accumulated value; a fluctuation (standard deviation) 
with respect to the link; a connection/non-connection at 
an up-stream sided intersection; and a declination ab- 
solution value accumulated value (minimum value) of a 
connection portion as to each of the parallel-traveling 
resembling shaped roads. 

[0099] Fig. 13 indicates a detailed sequential opera- 
tion in the case that the process operations defined in 
the step 4 and the step 7 of Fig. 5 are carried out by 
using this road network data. 

[0100] While referring to the parallel-traveling resem- 
bling shape attributes of the respective links from the 
road network data which has been employed so as to 
identify the objective road in the step 1 , in such a case 
that a parallel-traveling resembling shaped road is 
present in either a portion of the identified road section 
or an entire section thereof, a shape representative val- 
ue of a shape vector is cateulated (step 41 ). These links 
are included in the identified road section. 
[0101] Next, both a shape representative value of the 
road section identified in the map matching operation 
and a road sort contained in the link road attribute infor- 
mation are read out from the road network data. Also, a 
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shape representative value and a road sort of a parallel- 
traveling resembling shape road are read out from the 
road network data, and then, these read shape repre- 
sentative values and road sorts are compared with the 
shape representative value and the road sort of the 
shape vector (step 42). 

[01 02] In this comparing operation, when the road sort 
of the shape vector is made coincident with the road sort 
of the road section identified in the map matching oper- 
ation, and Is different from the road sort of the parallel- 
traveling resembling shaped road, it is so evaluated that 
there is no possibility as to an occurrence of an error 
matching operation (step 5). Also, if the evaluation can- 
not be made only based upon the road sorts, then the 
shape representative values are compared. In such a 
case that the road section identified by the map match- 
ing operation owns a small shape difference with re- 
spect to the shape vector, as compared with the parallel- 
traveling resembling shaped road, it is so evaluated that 
there is no possibility as to an occurrence of an error 
matching operation (step 5). 

[0103] Also, either when the road sort of the shape 
vector is not made coincident with the road sort of the 
road section identified in the map matching operation, 
or in such a case that although the road sort is made 
coincident with the road sort of the shape vector, the 
parallel-traveling resembling shape road owns a small 
shape difference with respect to the shape vector, it is 
so judged that there is a possibility as to an occurrence 
of an error matching operation. The uppemriost layer 
where the relevant parallel-traveling resembling shaped 
road is present Is Judged from this road sort and the 
shape representative value, and then, this uppermost 
layer is selected. When the layer where this parallel- 
traveling resembling shaped road is present is not clear, 
the lowennost layer is selected (step 71). 
[0104] While the road network data of the selected 
layer is employed, a map matching operation of the 
shape vector is newly carried out (step 72) so as to iden- 
tify a objective road (step 73). 

[01 05] As previously explained, since this method can 
directly identify "if error map matching occurs, then road 
belonging to which hierarchical layer is relevant", the 
matching operation can be again carried out by using 
the road network data of the directly Identified hierarchi- 
cal layer without always using the lowermost layer which 
requires a lengthy process time. Thus, the re-calculation 
can be carried out in a higher efficiency. 
[01 06] For instance, in an example of Fig, 1 4, assum- 
ing now that a shape vector is (1 ); a route sectfon of an 
upper-grade layer identified in a map matching opera- 
tion is (2); and a parallel-traveling resembling shaped 
road present in a lower-grade layer is (3), when a cal- 
culation is made of both declination accumulated values 
and declination absolute value accumulated values as 
to (1), (2), (3), and also, when a fluctuation between the 
shape (1 ) and the shape (2), and a fluctuation between 
the shape (1 ) and the shape (3) are calculated, the fol- 



lowing results are made: 

declination accumulated values (1) nearly equal to 
(2) nearly equal to(3) nearly equal to 0 degree. 

5 . declination absolute value accumulated values 1 80 
degrees nearly equal to (1 ) nearly equal to (3) not 
equal to (2) nearly equal to 0 degree, 
fluctuation between shape (1 ) and shape (2) nearly 
equal to fluctuation between shape (1) and shape 

10 (3). 

[0107] It can been seen that such a road which may 
be erroneously matched is located in the third layer by 
simply comparing these values with each other. 
15 [0108] It should also be noted that as to the calculation 
of the shape representative value of the shape vector in 
the step 41 , in such a case that when the shape vector 
is compressed, the shape vector is re-sampfed in an 
equi-distance and the declination is coded in the varia- 
20 ble length in the transmission-sided device, the recep- 
tion-sided device can simply calculate both the declina- 
tion accumulated value and the accumulated value of 
the declination absolute value for the received data. 
[0109] Also, in such a case that a parallel-traveling re- 
25 sembling shaped road is present within a partial section, 
such a mode as shown in Fig. 15 is taken. In this case, 
it is so supposed that the parallel-traveling resembling 
shaped road must be merged into the relevant road at 
a certain intersection. In other words, It is so supposed 
30 that the parallel-traveling resembling shaped road must 
be curved at a certain place. As a result, in a step 42, 
the shape is investigated as to a detailed portion. Then, 
when it can be judged that the shape of the shape vector 
does not own such a curve as the parallel-traveling re- 
35 sembling shaped road, but owns shape approximated 
to a shape of a main road, a reexecution of a map match- 
ing operation Is no longer required based upon road net- 
work data of a lower layer in the most cases. 
[0110] On the other hand, in such a case that a par- 
40 allel-traveling resembling shaped road is present in an 
entire section, it is practically difficult to define that a 
shape vector corresponds to a main road based upon 
only a shape in the most cases, and a reexecution of a 
map matching operation by using load network data of 
45 a lower layer is required. 

[0111] To this end, when the transmission-sided de- 
vice identifies a objective road of traffic Information, a 
certain idea is made. In such a case that a parallel- 
traveling resembling shaped road Is present, if a section 
50 of a objective road is selected in such a manner that this 
parallel-traveling resembling shaped road may become 
"a parallel-traveling resembling shaped road is present 
in a partial section", then the reception-sided device can 
deny a possibility of an error matching operation based 
55 upon the process operatton of the step 42, and also, the 
reexecution of the map matching operation in the lower- 
layer is not required in the most cases. 
[0112] Also, in such a case that a judgment is made 
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as to a road directed to an up stream being combined 
with a road directed to a down stream, a map matching 
operation is carried out only as to one-sided road, and 
a map matching operation for the other-sided road is 
omitted, a process operation can be earned out in a 
higher efficiency. 

[0113] As previously described, in accordance with 
this map matching method, the objective road can be 
correctly identified in the high speed. In particular, sim- 
ilar to the objective road of the traffic information, this 
map matching method may achieve a large effect in 
such a case that an unequal condition appears in roads 
included in objective roads within a road network. 
[0114] Also, with respect to travel locus transmitted 
from a probe (traveling vehicle) of a probe acquisition 
system, there is an unequal condition in roads included 
in objective roads within a road network in view of such 
a relationship "A main road owns a large traffic amount. 
If a traffic amount is large, then an up-link frequency is 
also high." As a result, since this map matching method 
is applied to the probe acquisition system, a great effect 
may be achieved. 

[0115] Also, as shown in Fig. 10(a) or Fig. 12, while a 
frequency of selections by the user and statistical infor- 
mation (for instance, frequency at which either traffic 
jam or freezing occurs due to season, year, month, day, 
time, and weather factors) are added to the hierarchical 
number information contained in the header infomia- 
tion, achange in probability at which a road may become 
a specific subject may be altematively predicted by us- 
ing this information in order to further shorten a process- 
ing time required for a map matching operation, 
[01 16] In this case, when the predicted road network 
is not selected, a map matching operations is carried 
out based upon the nomial hierarchical infomnation con- 
tained in the header information shown in Fig. 10(a). 
[01 17] Alternatively, the roads of the respective hier- 
archical layers of the hierarchical road network may be 
determined based upon the below-mentioned road at- 
tributes: 

Road sort: speedway/national road/major local 
road/road belonging to the administration divisions 
of Japan/city road/narrow town road. 
Road number: numbers applied to the respective 
road sorts, National road 246 -> 246, Prefecture 
road 407 route 407, 

Toll/free: discrimination as to whether or not road is 
toll road. 

Road modes: main lane/ side lane/ communication 
road (IC portion etc.)/rotary and the like, which rep- 
resent functions of roads. 

Route for providing traffic Infomriation: route which 
has been previously recognized an traffic infomna- 
tion providing subject route, VICS link objective 
road. 



(SECOND EMBODIMENT MODE) 

[0118] In a second embodiment mode of the present 
invention, a description Is made of an improvement in 
s the process operation defined In the step 1 of Fig. 5, 
namely, an improvement in such a process operation 
that the map matching operation is carried out In the 
high-grade layer as high as being permitted. 
[Oil 9] Since the road network data having the hierar- 
10 chical layer structure has been originally classified to be 
formed on account of the map data held by the recep- 
tion-sided device, the transmission -sided device nor- 
mally cannot grape such Items that which road section 
is contained in the upper-grade layer of this hierarchical 
IS layer structure, and which road section is contained in 
the lower-grade layerthereof . As a consequence, there 
are some possibilities that a road section of the upper- 
grade layer is mixed with a road section of the lower- 
grade layer within a single shape vector transmitted 
from the transmission-sided device. 
[0120] In such a case, for example, even when the 
reception-sided device commences a map matching op- 
eration by using the road network data of the upper- 
grade layer and hits candidate points In a half way under 
satisfactory condition, the reception-sided device can- 
not acquire candidate points at a time instant when the 
shape vector of the road section of the lower-grade layer 
appears, so that the reception-sided device restarts a 
map matching operation from the beginning portion by 
using the road network data of the lower-grade layer. 
More specifically, this problem may become conspicu- 
ous In such a case that the feature node extracting/ 
shape vector deforming unit 33 of the transmission-sid- 
ed device 30 (Fig. 6) adds a portion (called as "mus- 
tache") of a shape of an intersecting road to shape vec- 
tor data in order to avoid an error matching operation 
and also to correct a relative distance. 
[0121] This status Is represented in Fig. 16. In the 
case that the transmission-sided device transmits 
shape vector data of Pa->Pb, this transmission-sided 
device adds thereto both Ps->Pa and Pb^Pe as the 
mustaches, and transmits such a shape vector data of 
Ps->Pa— >Pb->Pe to the reception-sided device. 
[01 22] However, although a section of Ps->Pa-^Pb is 
contained in the road network data of the upper-grade 
layer of the reception-sided device, another section of 
Pb->Pe is not contained in this road network data. As a 
result, when a map matching operation is commenced 
by using the road network data of the upper-grade layer, 
a candidate point is hit up to the section of Ps^Pb, but 
a candidate point cannot be obtained in the section be- 
tween Pb-> Pe, so that the map matching operation must 
be newly carried out by using the road network data of 
the lower-grade layer. 

[0123] In order to improve such an inefficient aspect, 
In this embodiment mode, when the candidate point can 
be no longer hit in the upper-grade layer, the map match- 
ing operation Is transferred to the lower-grade layer. 
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[01 24] To realize this operation, the below-mentioned 
data are set to the road network data of the respective 
hierarchical layers. 

[0125] As shown in Fig. 1 7, an interlayer linking node 
used to be transferred to a one-lowered hierarchical lay- 
er is set to road network data of each of hierarchical lay- 
ers except for the lowermost-grade layer, and a link is 
once segmented by this interlayer linking node. Since 
the interlayer linking node is not an intersection, a con- 
nection link is only one link. In Fig. 17, the interlayer link- 
ing node is set to such a position that an intersection is 
located in the one-lowered hierarchical layer. However, 
there is no necessity that this interlayer linking node is 
not always set on the intersection, but may be set to an 
arbitrary place, 

[01 26] It should be understood that since such a fact 
that the link is segmented causes the performance to 
be deteriorated, the interlayer linking nodes are set in 
such a manner that a distance between the interlayer 
linking nodes is longerthan, or equal to a predetermined 
distance. 

[0127] The uppermost layer number which is present 

(for example, as to genera! -purpose road belonging to 
the administrative divisions of Japan, "2" is set since up- 
permost layer number Is present below 2 layers) is set 
as attribute information of each linkto road network data 
of the respective layers which contain the lowermost 
grade layer. 

[01 28] While the reception-sided device commences 
a map matching operation by using the road network 
data of the upper-grade layer and candidate points are 
hit under satisfactory condition, this reception-sided de- 
vice continuously uses the road network data of the up- 
per-grade layer. When the reception-sided device fails 
to seek a candidate point, the map matching operation 
is returned back to such a position of the nearest inter- 
layer linking node through whteh the map matching op- 
eration has already passed. Then, the road network da- 
ta of the upper-grade layer is transferred to the road net- 
work data of the lower-grade layer, and a map matching 
operation from this position is continuously carried out 
by using the road network data of the lower-grade layer. 
[0129] Since the above-explained interlayer linking 
node is set, the process operation does not become 
useless which has been carried out by using the road 
network data of the upper-graded layer, so that the map 
matching operation can be carried out in a higher effi- 
ciency. 

[0130] It should also be noted that as shown in Fig. 
18(a), in the case of an intersection, "interlayer linking 
node" is not necessarily required under nomnal condi- 
tion. Assuming now that in a map matching operation of 
an upper-grade layer containing only a wide solid line, 
a searching operation of a candidate point can succeed 
in WP(A) and a searching operation of a candidate point 
has failed in WP(B), if the map matching operation is 
finally returned to WP(A) where the searching operation 
of the candidate point could succeed and the map 



matching operation of the upper-grade layer is trans- 
ferred to that of a lower-grade layer, then the map 
matching operation In the lower-grade layer can be con- 
tinuously carried out. 

5 [0131] However, In such a case as represented in Fig. 
18(b), in a map matching operation of an upper-grade 
layer containing only a wide solid line, when a searching 
operation of a candidate point can succeed in WP(A) 
and a searching operation of a candidate point has failed 

10 In WP(B), even if the map matching operation is re- 
turned to WP(A) and the map matching operation of the 
upper-grade layer is transferred to that of a lower-grade 
layer, the road matched by the map matching operation 
in the upper-grade layer cannot be connected to a road 

15 matched by a map matching operation in the lower- 
grade layer. In such a case, ft is required to clear "where 
is a point used to be connected to a road network of a 
lower-grade layer", and therefore, this may play a role 
of an interiayer linking node "C." 

20 [0132] Also, in this case, if the map matching opera- 
tion is returned up to a point separated from the inter- 
layer linking node G along a right direction and the map 
matching operation of the upper-grade layer is trans- 
ferred to that of the lower-grade layer, the road matched 

25 by the map matching operation of the lower-grade layer 
can be connected to a road network of the lower-grade 
layer. As a consequence. Instead of setting of such an 
interlayer linking node C, a distance returned up to the 
point separated from the interiayer linking node C along 

30 the right direction may be set to each of links (links 
among Interpolation points etc.) as "return distance 
when map matching operation is transferred to lower- 
grade layer." 



[0133] In a third embodiment mode of the present in- 
vention, a description is made of a method for perform- 
ing a map matching operation in an upper-grade layer 
40 in a higher efficiency in the process operation defined 
in the step 1 of Fig. 5. 

[0134] in such a case that a map matching operation 
is carried out by using road network data of an upper- 
grade layer, since an averaged link length is long, nodes 

45 niay be set to WPs, which have been selected at Inter- 
vals from a structural node column of shape vector. 
[0135] Thus, in a first method, In such a case that the 
road network data of the upper grade layer is employed, 
a map matching operation is carried out by using such 

so nodes as WPs. The nodes have been selected, for In- 
stance, every "N" pieces from the structural node col- 
umn of the shape vector As explained above, since the 
nodes are thinned (skipped) from the shape vector so 
as to be employed as WPs, a total number of WPs is 

55 decreased, and processing time of the map matching 
operation can be shortened. A ratio of thinning the 
nodes is set by considering an averaged link length and 
declination of a shape vector. Alternatively, one node 
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may be extracted as WP in the unit of N nodes, or one 
node may be extracted in the unit of a fixed distance. 
[0136] In other words, a node is thinned in corre- 
spondence with a characteristic of a hierarchical layer. 
As a concrete thinning method, a node is thinned one 
time every N nodes, otherwise, a node is thinned one 
time every fixed distance in a mechanical sense. Alter- 
natively, "skip distance" may be set In hierarchical type 
data in a high-class thinning method. 
[0137] Also, in a second method, a distance interval 
between WPs which are selected while nodes are 
thinned from a shape vector is previously set as a rec- 
ommended skip distance in correspondence with a link 
of an upper-grade layer, and is defined as link informa- 
tion of the road network data of the upper-grade layer. 
[0138] As represented in Fig. 19, this recommended 
skip distance is set as follows: That is, viewing a map 
matching direction (namely, up stream direction in case 
that map matching operation is carried out from down 
stream side) from either each of interpolation point or a 
center point of a link, in such a case that the next node 
corresponds to an intersection node, this recommended 
skip distance is set based upon an approximated dis- 
tance from either each of the interpolation points or the 
center point of the link up to this intersection node. Also, 
viewing the map matching direction from either each of 
the interpolation point or the center point of the link, in 
such a case that the next node corresponds to an inter- 
layer linking node, this recommended skip distance is 
set based upon an approximated distance from either 
each of the interpolation points or the center point of the 
link Aip to a center point of the next link. 
[0139] In the case that a map matching operation is 
carried out by using road network data of an upper- 
gr^de layer, nodes are thinned from the structural node 
column of the shape vector in accordance with the rec- 
ommended skip distance defined in the link information, 
and such nodes used as WPs are selected. 
[01 40] As a result, since a total time of the candidate 
point searching operations is decreased and also a total 
number of pattern numbers is decreased, a processing 
time required for the map matching operation can be 
shortened, 

[0141] It should also be understood that when such a 
method is employed in which nodes are re-sampled in 
an equi-distance during compression of shape vector 
and declination is coded in a variable length, since dis- 
tances between the nodes of the shape vector become 
equi-distances, it is possible to simply execute that the 
nodes are skipped by a designated distance along the 
shape vector. 

[0142] Also, in a third method, a recommended skip 
distance is designated in such a manner that WPs can 
be set before and after "a place where a feature of a 
shape is produced (= place which is better to be 
checked) of a link of the relevant layer. 
[0143] As indicated in Fig. 20, in this third method, in 
such a case that a link shape expressed by the road 



network data of the upper-grade layer owns a featured 
crank shape, a recommended skip distance is designat- 
ed based upon the link information of the road network 
data in such a manner that WPs are set to positions of 
5 this crank shape. 

[0144] A featured portion in a link shape may be 
judged based upon both a dimension of a declination 
accumulated value per a unit section of a link and a di- 
mension of a declination absolute value accumulated 
10 value per the unit section of the link. 

[0145] As previously explained, since WPs are set to 
the place where the feature of the link shape is pro- 
duced, even if WPs are thinned, the feature of the link 
can be grasped and the link can be identified in a correct 
*5 manner by the map matching operation. 

[0146] Also, even when the shape of the relevant link 
has no feature, such a place (= place which is better to 
be checked) that a parallel -traveling resembling shaped 
road owns a feature may be alternatively designated 
based upon the recommended skip distance. In this al- 
ternative case, if this link is selected as the candidate 
point by the map matching operation of the shape vec- 
tor, then it Is possible to judge that a parallel-traveling 
resembling shaped road of a lower-grade layer does not 
conrespond to the objective road. 

(FOURTH EMBODIMENT MODE) 

[0147] In a fourth embodiment mode of the present 
invention, a description is madeof a method for perfonn- 
ing a map matching operation in an upper-grade layer 
in a higher efficiency in the process operation defined 
in the step 1 of Fig. 5 by combining the first embodiment 
mode and the second embodiment mode with the third 
ennbodiment mode. 

[0148] Fig. 21 indicates road network data (portion of 
hierarchical layer structure) in this embodiment mode. 
In this road network data, as link information, the data 
as to "uppennost layer number of present road" and "re- 
turn distance when map matching operation is trans- 
ferred to lower-graded layer) explained in the second 
embodiment mode are contained, and also, the data as 
to "recommended skip distance" explained in the third 
embodiment mode is contained. 
[0149] Also, a flow chart of Fig. 22 indicates a map 
matching method in this embodiment mode. Fig. 23 
schematically shows this map matching method. In this 
case, the flow chart indicates that a hierarchical layer 
structure of road network data corresponds to 2 layers, 
and a shape vector is map-matched from a down stream 
toward an up stream in this order of Ps->Pa->^P- 
b^Pa->Pd^Pe. 

[0150] in this method, first of ail, a searching opera- 
tion is started as to candidate points located at a periph- 
eral portion of atenninal WP(Ps) in the lowermost-grade 
layer (step 51 ). A map matching operation is carried out 
within a short section in the lowermost-grade layer so 
as to acquire a plurality of candidate points (step 52), 
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and then this layer number is identified (step 53). As pre- 
viously explained, the reason why the map matching op- 
eration is commenced from the lowemnost-grade layer 
Is to avoid a fatal erroneous matching operation at the 
starting point. 

[0151] A next WP is determined, and a candidate 
point is searched (step 54). At the starting stage of the 
map matching operation, an adjoining point is selected 
to the next WP. When the candidate point searching op- 
eration is repeatedly carried out, and then the candidate 
point searching operation is continued at the same layer 
number, the next WP is determined with reference to the 
recommended sl<ip distance, 

[0152] A check is made as to whether or not a candi- 
date point searching operation in the next WP can suc- 
ceed (step 55). In such a case that the candidate point 
searching operation continuously can succeed, and fur- 
ther, the relevant road is also defined in the upper-grade 
layer, the map matching operation is transferred to the 
upper-grade layer (step 56), If all of WPs are not yet 
accomplished (in case of "NO" in step 59), the sequen- 
tial operation defined from the step 54 is repeatedly car- 
ried out. Also, when all of WPs are ended (in case of 
"YES" in step 59), the process operation is accom- 
plished. 

[0153] Also, in such a case that the candidate point 
searching operation fails (in case of "NO" in step 55), a 
check is made as to whether or not the candidate point 
searching operation continuously fails (step 57). If the 
candidate point searching operation does not continu- 
ously fail, then WP which is to be searched is returned 
up to a position of an interlayer linking node, or up to a 
return distance when the map matching operation is 
transferred to the lower-grade layer, and then, the map 
matching operation of the upper-grade layer is trans- 
ferred to the lower-grade layer (step 58). Then, when all 
of WP are not ended (in case of "NO" in step 59), the 
sequential operation defined from the step 54 is repeat- 
edly carried out. 

[0154] Also, when the candidate point searching op- 
eration continuously fails (in case of '"YES* In step 57), 
such a judgement is made that the hierarchical layer of 
the starting point Is incorrect, and thus, the identified hi- 
erarchical layer is again acquired. 
[0155] In the example of Fig. 23, since the map match- 
ing operation of Ps is commenced from the lower-grade 
layer, and also, the candidate point searching operation 
can continuously succeed, the map matching operation 
of the lower-grade layer is transferred to the upper- 
grade layer, and then: the map matching operation of 
Pc->Pd— >Pe is carried out in the upper-grade layer. 
However, since the candidate point searching operation 
of Pe fails, the map matching operation is retumed up 
to the position of the interlayer linking node Pc and the 
map matching operation is transferred to the lower- 
grade layer. Then, the map matching operation of 
Pd->Pe is carried out in the lower-grade layer. 
[0156] As previously explained, since the map match- 



ing operations are carried out among the road network 
data of the plural layers having the hierarchical struc- 
ture, the effective map matching operations based upon 
the upper-grade layer can be carried out many times, 
5 so that the processing time for the map matching oper- 
ation can be shortened. 

(FIFTH EMBODIMENT MODE) 

10 [0157] In a fifth embodiment mode of the present in- 
vention, a description is made of a method for determin- 
ing a range of a candidate point searching operation for 
a map matching operation in response to an error con- 
dition of a shape vector. 

15 [0158] In a map matching operation, if an error of a 
shape vector for applying WP is small, then a range of 
a candidate point searching operation can be narrowed, 
whereas if an error of a shape vector is large, then a 
range of a candidate point searching operation can be 

20 widened. As previously explained, the range of the can- 
didate point searching operation Is variably set in re- 
sponse to an error of WP, rather than is set In a fixing 
manner, so thatthe searching range can be properly set. 
Also, a process operation in a map matching operation 

25 can be carried out in a higher efficiency. 

[0159] Elements of errors of shape vector data con- 
tain precision of base map data whk^h is used to form 
shape vector data by a transmission-sided device, a de- 
formation amount at which map data is intentionally de- 

30 formed in order to avoid an error matching operation 
(described in Japanese Laid-open Patent Application 
No. 2001 -1 3261 0). a Shape deformation allowable error 
when encoded shape vector data is compressed in a 
non-reversible manner (described in Japanese Laid- 

35 open Patent Application No. 2001-132611 ), and so on. 
[0160] As indicated In Fig. 24, the transmission-sided 
device transmits the above-described Information to the 
reception-sided device, while the above-explained infor- 
mation is contained in the shape vector data as "base 

40 map precision information of shape vector", "maximum 
defomnation amount when deformation is made so as to 
avoid error matching operation", and "maximum allow- 
able error during non-reversible compressing opera- 
tion." 

45 [0161] The reception-sided device can set a range of 
a candidate point searching operation In response to an 
error condition of a shape vector based upon the above- 
described Information. 

[0162] A flow chari: of Fig. 25 indicates a setting se- 
50 quentlal operation as to a candidate point searching 
range in response to an error condition of this shape 

vector. 

[0163] The precision information (A) of the base map 
is acquired from a shape vector data stream (step 20). 
55 Next, a maxanum deformation amount (6) when the de- 
formation is made so as to avoid the error matching op- 
eration is acquired from the shape vector data stream 
(step 21). Next, a maximum allowable error (c) during 
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the non-reversible compression operation Is acquired 
from the shape vector data stream (step 22). A range of 
the candidate point searching operation is determined 
from these acquired (A), (B), (C) (step 23). 
[0164] For instance, assuming now that such a base s 
map precision Information "base map of transmission 
side is 1/25,000" has been entered in the shape vector, 
and, on the other hand, precision of map data of the re- 
ception-sided device is equal to "1/2,500", there Is a shrft 
of approximately 70 m in maximum. io 
[0165] Also, if a shift of 1 0 m in maximum is present 
in the deformation for avoiding the erroneous matching 
operation, then such a shift of 80 m In maximum is pro- 
duced by combining this shift with the error caused by 
the base map precision. 15 
[0166] Also, assuming now that an allowable error of 
1 0 m In maximum Is set when the shape vector Is com- 
pressed In the non-reversible manner, a shift of 90 m In 
maximum is produced by combining the error caused 
by the base map precision with the defomiation used to 20 
avoid the error matching operation. As a consequence, 
a candidate point may be found out within such a range 
whose radius is 90 m. Thus, although the range of the 
candidate point searching operation has been conven- 
tionally fixed to approximately 250 m, the searching 25 
range of the present invention can be set in a more prop- 
er manner. 
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[0167] In a sixth embodiment mode of the present In- 
vention, a description is made of a method for sequen- 
tially Dptlmlzing hierarchical layer structure of road net- 
worK. clata based upon reception infomnation. 
[01 6|] Actually speaking, a road section for receiving 35 
traffic information is determined to some extent. As a 
consequence, road network data having a hierarchical 
layer structure, which has been set in a default setting 
operation Is updated based upon a data reception time, 
a matching result, and the like, and thus, this road net- 40 
work data can be sequentially optimized as road net- 
work data having a hierarchical layer structure which Is 
fitted to a reception environment. 
[0169] For example, in such a case that a road section 
included in kn upper-grade layer is appropriate to a ob- 45 
jectlve road only 1 time to 2 times while traffic Infonna- 
tion has been received 1 0 times, the road section is de- 
leted from the upper-grade layer Since such a data re- 
arranging operation is carried out, the road network data 
of the upper-grade layer becomes light, so that a map so 
matching process operation can be candied out in a high 
speed. 

[01 70] Also, as to such a road section which has been 
involved only in the lower-grade layer In the beginning 
stage, if such a frequency is high at which this road sec- ss 
tlon appears as the objective road, then this road section 
Is contained in the upper-grade layer. Such a case that 
a sensor or the like are newly set to a road, and then. 



traffic Information of this road is provided may corre- 
spond to the above-explained case. Since the optimiz- 
ing process operation of the hierarchical layer structure 
Is carried out, a hit ratio in the upper-grade layer is In- 
creased, and a map matching operation can be per- 
formed in a high speed. 

[0171] Also, as previously explained In both the sec- 
ond embodiment mode and the fourth embodiment 
mode, in the case that a objective road within a single 
shape vector bridges a plurality of hierarchfcal layers, a 
objective road Is Identified in the above-described man- 
ner When a frequency at which traffic Information Is pro- 
vided Is high, all of sections of this objective road can 
be involved in the upper-grade layer by sequentially op- 
timizing the hierarchical layer structure. 
[0172] A process sequential operation of this optimi- 
zation will now be descnbed. 

[0173] First, appearing probability to traffic informa- 
tion with respect to reception times of the traffic infor- 
mation is defined as a target hit ratio to each of the layers 
of the hierarchical structure. 

[0174] For instance, appearing probability with re- 
spect to reception times of past several tens of items Is 
set as follows: 

First layer: appearing probability higher than, or 
equal to 80 % with respect to reception times. 
Second layer: appearing probability, of 80 to 50 % 
with respect to reception times, 
Third layer: appearing probability of 50 to 10 % with 
respect to reception times, 

Fourth layer: appearing probability lower than 1 0 % 
with respect to reception times. 

[0175] Next, in accordance with a sequential opera- 
tion shown in Fig. 26(a), a objective road is identified by 
executing a map matching process operation when traf- 
fic information is received (sequential operation until ob- 
jective road Is Identified Is identical to sequential oper- 
ation of Fig. 7). While a hit number counter is set to the 
identified objective road (step 18), road sections which 
have be defined as the objective road are counted. 
[0176] While this count value is employed, the opti- 
mizing operation of the hierarchical layer structure is se- 
quentially earned out In an off-line process mode in ac- 
cordance with a sequential operation shown in Hp 26 
(b). 

[0177] A hit ratio in the unit of the road section is cal- 
culated based upon both the reception times and the 
count value of the hit number counter (step 80). 
[0178] In the case that the reception time is reached 
to a predetemnined time, the respective road sections 
are rearranged as such hierarchical layers that hit ratios 
thereof are made coincident with target hit ratios, and 
the roads of the respective hierarchical layers are re- 
combined with each other, and thus, the road network 
data having the hierarchical structure Is updated. Next, 
both the reception time and the hit number counter are 
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set (step 81). 

[0179] Alternatively, in this case, while a map match- 
ing process-purpose file and an updating operation-pur- 
pose file are prepared, data used to execute the map 
matching process operation and data to be updated in 
the background may be separately utilized. When the 
updating process operation is accomplished, separate 
using of these files may be switched: 
[0180] Since these process operations are carried 
out, the road networks of the respective layers can be 
optimized in correspondence with the reception environ- 
ment. 

[0181] It should also be noted that when a network is 
added/deleted, a hysteresis maybe applied in orderthat 
a hunting phenomenon does not occur in the vicinity of 
a boundary of a target hit ratio. For example, in the case 
that the appearing probability becomes smaller than, or 
equal to 75 %, a network is deleted form the first layer, 
whereas In the case that the appearing probability ex- 
ceeds 85 %, a network is added in the first layer. 
[0182] Since a sensor installed on a road is brought 
into a malfunction condition, there is a certain possibility 
that a provision of traffic infomriation is temporarily 
stopped. As a result, even in such a case, as to speed- 
ways, national roads, and the like, such an identification 
flag "absolutely not be deleted" may be applied to the 
speedways, the national roads, and the like in orderthat 
the road network of these speedways and national 
roads is not deleted from the upper-grade layer. 
[0183] Also, when a vehicle receives traffic informa- 
tion at a destination place, as to a road condition around 
this destination place, detailed traffic information is pro- 
vided, whereas as to a road condition separated far from 
this destination place, coarse traffic information Is pro- 
vided. As a consequence, when the road networks of 
the respective layers are updated, a hierarchical layer 
may be alternatively lowered in such a mannerthat road 
density is Increased within a road section near a position 
of the own vehicle, whereas the hierarchical layer may 
be altematively increased in such a manner that road 
density is decreased within a road section separated far 
from the position of the own vehicle. 
[01 84] Altematively, since a detailed content of traffic 
infomiation transmitted from a beacon type transmitter 
Is different from that transmitted from a broadcasting 
type transmitter, the road network data having the hier- 
archical structures which are different from each other, 
depending upon traffic infomriation transmitting media, 
may be alternatively managed. 
[01 85] Alternatively, the road networi< data having the 
different hierarchical layer structures may be managed 
based upon transmission source ID (broadcasting sta- 
tion number <TOKYO-KANAGAWA Prefecture eto) of 
traffic infomiation, and infomiation source ID (National 
Police Office-Metropolitan Highway Institute etc.). 
[0188] Also, in the case of the probe information ac- 
quisition system, the road network data having the hier- 
archical layer structure which Is held by the center is 



updated, while a hit number per unit time and hit prob- 
ability within ail of received locus data are employed as 
a parameter. 

[0187] Also, in this case, since features are varied In 

5 accordance with a sort of day (week day/ho liday/5-th 
day, 1 0-th day/Saturday) and a time range, the road net- 
work data having the hierarchical layer structures may 
be alternatively managed, depending to the sort of day 
and the time range. 

10 [0188] As previously explained, themap matching de- 
vice learns that which road section owns the higher hit 
ratio based upon the actual match's results obtained 
from several times of the past map matching operations, 
and then, the road network data having the hierarchical 

15 layer structure is sequentially updated based upon this 
learning result. As a consequence, the map matching 
device can reduce such a waste process operation that 
the map matching operation Is newly carried out while 
the hierarchical layers are changed, and/or the hierar- 

20 chical layers are switched in a half way while the map 
matching operation is carried out. 

(SEVENTH EMBODIMENT MODE) 

25 [0189] In a seventh embodiment mode of the present 
invention, a description is made of a method for utilizing 
a cache area as the uppemnost-grade layer of the road 
network data having the hierarchical layer structure. 
[0190] In this method, as schematically shown In Fig. 

30 27, links (links among interlayer linking nodes) which 
have been hit in the respective layers are copied in a 
cache area, and then, a road network of this cache area 
Is employed as the uppermost layer. 
[0191] Fig. 28 indicates road network data having a 

35 hierarchical layer structure at this time. Fig. 28(a) shows 
road network data of an upper-grade layer, Fig 28(b) 
represents road network data of a lower-grade layer, 
and Fig. 28(c) indicates road network data of a cache 
layer. 

40 [0192] Now, as shown in Fig. 29, when a link SK2 is 
hit which is defined by that a map matching operation is 
commenced from a node K2 of a lower-grade layer and 
is reached up to a node S, both a link number and link 
information as to the link SK2; node numbers, attribute 
45 information, latitude/longitude of the node K2 and the 
node S; and connection infomiation among these nodes 
of the road network data (Fig. 28(b)) of the lower-grade 
layer are copied to the road network data (Fig. 28(c)) of 
the cache layer. If such infomriation as a shape repre- 
ss sentative value and a parallel-traveling resembling 
shaped road shape attribute Is contained in the link in- 
formation, then all of the above-described infomriation is 
copied to the cache layer. It should also be noted that a 
recommended skip distance and the like must be again 
S5 cabulated. 

[0193] Both a node number and a link number of the 
road network data of the cache layer (Fig. 28(c)) are cal- 
culated every time data Is copied to the cache layer so 
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as to be updated. 

[0194] Also, when another link SJ1 refined from a 
node S up to another node J1 of the upper-grade layer 
shown in Fig. 29 is hit both a link number and link infor- 
mation as to the link SJ1 ; node numbers, attribute infor- 
mation, latitude/longitude of the node J1 and the node 
S; and connection information among these nodes of 
the road network data (Fig. 28(a)) of the upper-grade 
layer are copied to the road network data (Fig. 28(c)) of 
the cache layer 

[0195] Since information of traffic information is ac- 
quired by using sensors which are installed on roads, in 
an actual case, substantially same traffic information Is 
provided within a objective road section every time. As 
a consequence, since the road network data of the 
cache layer which has been copied in the above-de- 
scribed manner Is employed as the uppermost-grade 
layer, although the map matching process operation 
when the traffic information is received first time just af- 
ter the system is initiated is slow, the second map match- 
ing process operation and the succeeding map match- 
ing process operations can be quickly carried out. 

(EIGHTH EMBODII\/IENT MODE) 

[0196] In an eighth embodiment mode of the present 
invention, a description is made of a contribution of a 
transmission-sided device in order to execute a map 
matching operation in a high speed. 
[0197] In the respective embodiment modes which 
have been so far described, while the road network data 
of the hierarchical layer structure is prepared on the re- 
ception side, the map matching operation is carried out 
by using this road network data. Alternatively, another 
mod^'may be realized in which a transmission-side de- 
vice distributes road network data of a hierarchk:al layer 
structure to a reception -sided device. 
[0198] Fig. 30 indicates both an arrangement of this 
transmission-sided device 30 and an arrangement of 
this reception-sided device 10. The transmission-sided 
device 30 is equipped with a map data Inf omnation trans- 
mitting unit 37, The map data information transmitting 
unit 37 distributes both road network data 38 of a hier- 
archical layer structure, and a digital map A which has 
been stored in a database 35 to the reception-sided de- 
vice 10. Also, the reception -sided device 10is equipped 
with a map data information receiving unit 17 which re- 
ceives these map data information. The reception-sided 
device 1 0 executes a map matching operation and a uti- 
lization of event Information by using both road network 
data 113 having a hierarchical layer stmcture and digital 
map data A 11 6. which are received from the transmis- 
sion-sided device 30. Other arrangements are not 
changed from those of the first embodiment mode (Fig. 
6). 

[0199] This transmission-sided device 30 contains 
such an information in shape vector data which is trans- 
mitted through an event information transmitting unit 31 



to the reception-sided device 10. This information is 
used to identify a hierarchical layer of road network data 
employed in a map matching operation. 
[0200] Fig. 31 (a) indicates shape vector data to which 

5 both a hierarchical layer number and road attribute in- 
formation (road sort etc.) have been added as this hier- 
archical layer identifying information in the unit of a 
shape vector. Fig. 31(b) shows shape vector data to 
which both a hierarchical layer number and road at- 

^0 tribute information (road sort etc.) have been added as 
this hierarchical layer identifying information in the unit 
of a node. Altematively, only a hierarchical layer number 
may be merely indicated as the hierarchical layer iden- 
tifying infomnation. Also, when a road of each hierarchi- 

15 caf layer of road network data is determined based upon 
a road attribute, only the road attribute may be merely 
indicated. 

[0201] When the map matching unit 14 of the recep- 
tion-sided device 10 executes a map matching opera- 
20 tion of these shape vector data, the map matching unit 
1 4 executes the map matching operation by using the 
road network data 11 3 of the hierarchical layer which is 
indicated in the hierarchical layer identifying informa- 
tion. 

25 [0202] In this case, since the map matching unit 14 
can execute the map matching operation by directly us- 
ing the network data of the hierarchical layer into which 
the objective road expressed by the shape vector has 
been contained, completely no care should be taken 
30 with respect to a parallel-traveling road of another hier- 
archical layer, and thus, the map matching operation 
can be processed in a high speed. 
[0203] Alternatively, it should be understood that "hi- 
erarchical layer information" and "road attribute informa- 
55 tion" may be entered to appending Information of index 
header information. 

[0204] Also, as explained in the first embodiment 
mode, even in such a case that a parallel-traveling re- 
sembling shaped road is present in a objective road, if 

40 a objective road section is selected in such a manner 
that this parallel-traveling resembling shaped road is 
parallel-traveled within a partial section, in most of the 
cases, a reception-sided device may reveal "there is no 
doubt as this objective road" in a shape checking oper- 

45 ation (namely, curved point is checked, and comparing 
operation by shape representative values), and thus, 
need not again perform a matching operation in lower- 
grade layers. A description is made of such a transmis- 
sion-sided device capable of selecting such a objective 

50 road section. 

[0205] As shown in Fig. 32, this transmission-sided 
device is equipped with a parallel-traveling resembling 
shape calculating unit 39, and a parallel-traveling re- 
sembling shape database 40. The parallel-traveling re- 

55 sembling shape calculating unit 39 previously extracts 
a parallel-traveling shaped road by using the digital map 
data A which has been stored in the database 35. The 
parallel-traveling resembling shape database 40 stores 
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thereinto the data of the parallel-traveling resembling 
shaped road which Is extracted by the parallel-traveling 
resembling shape calculating unit 39. While a feature 
node extracting/shape vector deforming unit 33 em- 
ploys the data of the parallel -traveling resembling 
shaped road stored in the parallel-traveling resembling 
shape database 40, this feature node extracting/shape 
vector deforming unit 33 deforms an object section of 
shape vector data produced in a shape vector data ex- 
pressing information producing unit 34 in such a manner 
that the parallel-traveling resembling shaped road is 
parallel-traveled within a partial section. Other arrange- 
ments are not different from those of the first embodi- 
ment mode (Fig. 6). 

[0206] A flow chart of Fig. 33 indicates a process se- 
quential operation of the parallel -traveling resembling 
shape calculating unit 39. 

[0207] While a link of a link number L=1 is employed 
as an object (step 90), information as to the link L and 
a peripheral link is acquired from the map database 35 
(step 91), and a presence condition of a parallel- 
traveling resembling shaped road of the link L is calcu- 
lated (step 92), and then, a calculation result Is stored 
In the parallel -traveling resembling shape database 40 
(step 93). Until the process operations as to all of links 
are accomplished (step 94), the link number is incre- 
mented (step 95), and the sequential operation defined 
from the step 91 is repeatedly carried out. 
[0208] Also, a flow chat of Fig. 34 indicates process 
sequential operations as to both the shape vector data 
expressing information producing unit 34 and the fea- 
ture node extracting/shape vector deforming unit 33. 
The shape vector data expressing Information produc- 
ing unit 34 acquires event infomriation 36 (step 1 00) and 
produces a shape vector (step 101). 
[0209] The feature node extracting/shape vector de- 
forming unit 33 calculates a link number corresponding 
to the shape vector (step 1 02), and acquires a presence 
condition of a parallel-traveling resembling shaped road 
of each of the links from the parallel-traveling resem- 
bling shape database 40 (step 1 03), and then, calcu- 
lates presence conditions of the parallel-traveling re- 
sembling shaped roads through the overall shape vector 
(step 104). 

[0210] The feature node extracting/shape vector de- 
forming unit 33 discriminates as to whether or not a par- 
allel-traveling resembling shaped road is present at pe- 
ripheral areas of a stating terminal and an end terminal 
of the shape vector (step 105). When the parallel- 
traveling resembling shaped road is present, the feature 
node extracting/shape vector deforming unit 33 deforms 
the shape vector in such a manner that such a terminal 
of the shape vector at the present side is extended along 
a road (step 107), and repeatedly carries out the se- 
quential operation defined from the step 1 02. 
[0211] Also, in the case that the parallel-traveling re- 
sembling shaped road is not present (in case of "NO" in 
step 1 05), the feature node extracting/shape vector de- 



forming unit 33 discriminates as to whether the parallel- 
traveling resembling shaped road is not present, is 
present in a partial section, or corresponds to any case 
in a half way of the shape vector (step 1 06). When the 
5 parallel-traveling resembling shaped road is not 
present, or is present in a partial section In a half way 
of the shape vector, the feature node extracting/shape 
vector deforming unit 33 detemiines the shape vector 
under direct condition (step 108). When the parallel- 
fo traveling resembling shaped road corresponds to none 
of these cases (in case of NO in step 1 06), the feature 
node extracting/shape vector deforming unit 33 deforms 
the shape vector in such a manner that this shape vector 
is expanded from both terminals along the road (step 
15 1 07), and then, repeatedly executes the sequential op- 
eration defined from the step 102. 
[0212] Since such a sequential operation is carried 
out, even in such a case that the parallel-traveling re- 
sembling shaped road is present in the object section of 
20 the shaped vector data, the objective road can be de- 
formed in such a manner that this parallel-traveling re- 
sembling shaped road Is present only in a "partial sec- 
tion" of the objective road section. Also, in the map 
matching process operation, the objective road section 
25 can be set in such a manner that the parallel-traveling 
resembling shaped road is not present at the starting 
terminal and the end technical of the specifically impor- 
tant objective road. 



[0213] In a ninth embodiment mode, a description Is 
made of a producing sequential operation of road net- 
work data having a hierarchical layer structure. 
[0214] As schematically shown in Fig. 41 , as to this 
road network data, a data producing process unit 121 
produces road network data 123, 124, 125 of the re- 
spective hierarchical layers from map data of a digital 
map database 120. Fig. 40 indicates this process se- 
quence operation. 

[021 5] First, a section of interest as to digital map data 
is sequentially set from N=1 (step 130), and a link of 
interest within this section is sequentially set from a link 
number=1 (step 131). Data of the relevant link L of the 
relevant section N is acquired from the digital map da- 
tabase, and then, a hierarchical number of this link L is 
detemiined from road attribute Infomriation thereof (step 
132). Also, peripheral road information of this link L is 
acquired (step 133). The above-explained process op- 
eration is carried out as to all of the links (step 134 and 
step 142). When the process operation with respect to 
all of these links is accomplished, the hierarchical layer 
number Is set to M=1 (step 135), and then, a road net- 
work of a hierarchical layer M is constructed (step 136). 
This process operation is carried out as to all of the hi- 
erarchical layers (step 137 and step 143). When a con- 
struction of road networks having all of the hierarchical 
layers is accomplished, an intehayer linking node Is set 
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(step 138). Also, with respect to all of links which have 
been newly produced in the hierarchical layer M of the 
section N, parallel-traveling resembling shape attribute 
information is produced from the peripheral road infor- 
mation (step 139), and skip distances are set to links s 
between the respective Interpolation points (step 140). 
The above-explained process operation is carried out 
as to all of the sections (step 141 and step 144). 
[0216] Since the above-explained process operation 
is carried out, such data shown in Fig. 3(a). Fig. 3(b), io 
Fig. 3(c) are produced from the digital map data of Fig. 
1, Also, in the case that the parallel-traveling resembling 
shape attribute information Is produced, such a data of 
Fig. 10 is produced. In the case that the shape repre- 
sentative value is produced, such a data structure of Fig. is 
12 is obtained. Also, in the case that the skip distance 
Is produced, such a data structure of Rg. 21 is obtained. 

(TENTH EMBODIMENT MODE) 

20 

[0217] In a tenth embodiment mode, a description is 
made of such a system that Instead of employing a hi- 
erarchical layer structure, weights of an upper grade, a 
middle grade, and a lower grade are set with respect to 
one sheet of map data, 25 
[0218] . As shown in Fig. 39, in this system, respective 
roads contained In one sheet of map data is subdivided 
into an upper-grade road, a middle-grade road, and a 
lower-grade road. In correspondence with a map match- 
ing operation In an upper-grade layer of a hierarchical 3o 
layer structure, a map matching operation is carried out 
by using the upper-grade road. In correspondence with 
a map matching operation in a middle-grade layer of a 
hierarchical layer structure, a map matching operation 
is carried out by using the upper-grade road, and the 35 
middle-grade road. Also, in correspondence with a map 
matching operation in a lower-grade layer of a hierar- 
chical layer structure, a map matching operation is car- 
ried out by using all of the upper-grade road, and the 
middle-grade road and the lower-grade road. 40 
[0219] Fig. 38 shows a flow chart for explaining this 
process operation. 

[0220] A decision is made that which level of a road 
is used as a objective road in a map matching operation 
(step 120), and then, a map matching operation is car- 45 
ried out (step 121 ), and an evaluation value is calculated 
(step 122). A calculation of the evaluation value is iden- 
tical to that of the case shown in Fig. 7. 
[0221 ] A setting operation as to a candidate point can 
succeed, and further, a judgment is made as to whether so 
or not an evaluation value of the candidate point is small 
than, or equal to a predetermined value (step 123). 
When the evaluation value of the candidate point is 
smaller than, or equal to the predetermined value, a ob- 
jective road Is Identified based upon the selected shape 55 
pattern (step 124). 

[0222] Also, in a step 13, when the setting operation 
of the candidate point cannot succeed, or the evaluation 



value of the candidate point exceeds the predetenmined 
value, a check is made as to whether or not the used 
road corresponds to the lower-grade road (step 126). 
When the used road corresponds to the lowermost- 
grade road, it is so assumed that the map matching op- 
eration fails, and then, the process operation is ended 
(step 127). When the used road does not correspond to 
the lowermost-grade road, a rod which Is lowerthan the 
presently used road is added to the objective road (step 
125), and then, the process operation defined from the 
step 121 is repeatedly carried out. 
[0223] As previously explained, while one sheet of the 
map is employed, the weights are given to the roads, 
and the road which is used in the map matching opera- 
tion is selected, so that a total number of the candidate 
points when the candidate point searching operation is 
carried out can be reduced, and thus, the map matching 
operation can be carried out in a high speed. 
[0224] It should also be understood that the respec- 
tive embodiment modes have so far described such 
methods that the map matching operations of the shape 
vectors are carried out so as to identify the roads. The 
hierarchical layer constructing idea may also be applied 
to an information exchanging system in which routes be- 
tween nodes are calculated by way of a route calcula- 
tion. In this information exchanging system, a node is 
intermittently selected in a half way of a link and/or an 
intersection, and then, a route between the nodes is ob- 
tained by way of the route calculation. Fig. 42 Indicates 
a condition in such a case that the hierarchical layer con- 
structing Idea has been conducted to this system. A 
node PI (= link center point), a node P2 (= intersect! on), 
a node P3 (=link center point), and a node P4 (=linkcent- 
er point) are selected In an intermittent manner. While 
referring to latitude/longitude data of these nodes, node 
positions in the upper-grade layer are detected. In this 
case, although detecting operations as to candidate 
points of the nodes PI , P2, P3 can succeed, a detecting 
operation as to a candidate point of the node P4 fails. 
As a result, PI to P2 to P3 can Identify a objective road 
section, but a route between P3 to P4 has not yet been 
identified. 

[0225] As a consequence, the upper-grade layer is 
transferred to the lower-grade layer, candidate points of 
both the nodes P3 and P4 are detected, a route between 
the nodes P3 to P4 is calculated by way of the route 
searching operation, and then, all of the road sections 
among PI to P2 to P3 to P4 are Identified in combination 
with the identified points in the upper-grade layer 
[0226] As previously explained, the hierarchical layer 
constructing idea may be applied with respect to all of 
the position transfer methods for identifying the roads 
based upon the latitude/longitude information. 
[0227] The present invention is featured as follows. 
That is, with respect to the road network having the un- 
equal condition in the frequency, which corresponds to 
the objective road of the map matching operation, the 
priority order is basically set in response to the f requen- 
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cy; the road network which is map-matched with the 
above-described objective road is restricted based upon 
the priority order; and also, when the objective road 
which is matched with the shape vector of the objective 
road cannot be obtained, the restriction based upon the 
priority order is relaxed so as lo broaden the range of 
the road networi^ which is matched with the objeclive 
roads. As a result, the map matching operation can be 
carried out In the high speed. 

(ELEVENTH EIV1BODIMENT MODE) 

[0228] Next, an embodiment mode of both a shape 
matching-purpose database and a shape matching de- 
vice, according to the present invention, will now be ex- 
plained in detail with reference to drawings. 
[0229] It should be noted that in this embodiment 
mode, a node, a link, or an interpolation point of a node, 
which is directed to an auxiliary purpose, are used as 
infomnation indicative of either a specific point or a spe- 
cific road on a map. A node corresponds to such a point 
on a road, which has been set in correspondence with 
an intersection, an entrance and an exit of a tunnel, an 
entrance and an exit of a bridge, a boundary of an ad- 
ministrative section, and the like. An interpolation point 
corresponds to such a point used to reproduce a road 
shape between nodes. A link corresponds to a line sec- 
tion which connects a node to another node. The below- 
mentioned explanation is made by using a node and a 
link. 

[0230] Fig, 43 Indicates a road infomnation providing 
system with employment of both the shape matching- 
purpose database and the shape matching device, ac- 
cording to this embodiment mode. In this drawing, event 
infomnation such as a traffic accident, a road building, a 
traffic jam, raining, snowing, and a traffic control is 
stored in an event infomnation database 85 in combina- 
tion with a road to be identified, regional information, and 
the like. Also, such information indicative of roads, riv- 
ers, bridges, buildings, and the like has been stored in 
a map database 86 by way of "points" called as nodes 
and "line sections" called as links. 
[0231] A data structures of the event information is 
shown in Fig. 44, a data structure of the link Information 
is represented in Fig. 45, a data structure of the node 
information is denoted in Fig. 46. and a data structure 
of a shape vector is shown in Fig. 47. While both map 
data and shape matching (map matching) -purpose data 
are constructed by nodes and links, which have been 
stored In the map database 86 shown in Fig. 43, as 
shown in Fig. 47, the node is represented by either an 
absolute position or a relative position In a necessary 
point. 

[0232] A shape vector data expressing Information 
producing unit 84 owned by the road Information provid- 
ing system shown in Fig. 43 indicates an event occurring 
position denoted by the event Information based upon 
such an absolute position as latitude and longitude, and 



a relative position from this absolute position, and pro- 
duces a shape vector indicative of a objective road from 
the nodes and the links, which have been stored in the 
map database 86. In this embodiment mode, an exam- 

s pie in which a shape vector of "Ps-Pa-Pb-Pe" shown in 
Fig. 48 Is transmitted will now be described. It is so as- 
sumed that as to an expressing of a shape vector, a 
name of a point corresponding to a node is expressed 
from a starting point in a passing sequence. 

10 [0233] In this case, In such a case that a shape vector 
to be transmitted has no feature and a map matching 
operation of the shape vector can be hardly carried out 
in a receiving device 88, a feature node extracting/ 
shape vector def omning device 83 may alternatively add 

is either a node or an interpolation point in such a manner 
of "Ps-Pa-Pm2-Pms2-Pm2-Pm3-Pm4-Pb-Pe", and thus 
may altematively express this shape vector by a narrow 
link. 

[0234] Fig. 48 is an explanatory diagram for indicating 

20 a shape vector of "Ps-Pa-Pb-Pe" indicative of a road. 
Fig. 49 is an explanatory diagram for schematically in- 
dicating such a condition that the receiving devce 88 
which has received the shape vector of Fig. 48 performs 
a shape matching (map matching) operation. 

25 [0235] Alternatively, In this embodiment mode, in ad- 
dition to the information as to the coordinate streams of 
both the nodes and the interpolation points, detailed in- 
formation such as road sorts, road numbers, toll road 
codes, or traffic intersection nodes, which have been 

30 previously present in a digital map database, or such a 
mad sort as a speedway, a national road, and a major 
local road may be added to a node. Further, as the ad- 
ditional infonnation, among others, In the case of an in- 
tersection node, a name of the intersection may be al- 

35 tematlvely added. In such a case that a node indicates 
an entrance and an exit of a tunnel, an entrance and an 
exit of a bridge, a boundary of an administrative section, 
all of the above-explained information may be alterna- 
tively added. Moreover, as the additional information, in 

40 order to inform precision of transfer information, such 
an information representative of a precision level of a 
base map may be alternatively added, for instance, data 
acquired from map data drawn in a reduced scale of 
1/25000, or data acquired from map data dream In a re- 

45 duced scale of 1/10000. 

[0236] In this case, in the receiving device 88 shown 
in Fig. 48 which has received data containing a shape 
vector, the data is restored by a data receiving unit 88e, 
and the shape vector Is reproduced by a shape vector 

50 expressing event information unit 88b so as to separate 
the information which has been added to this shape vec- 
tor. Next, a shape matching unit 88d identifies a position 
on the map, whteh Is indicated by the shape vector, by 
using the shape matching-purpose database 88b used 

55 to identify an occurring place of an event. 

[0237] The shape matching-purpose database 88b of 
this embodiment mode stores thereinto the data in such 
a manner that the data is subdivided into a three-layer 
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construction (namely, upper-grade layer, nniddle-grade 
layer, and lower-grade layer). Nodes and links have 
been stored in the upper-grade layer, which represent 
national roads, major local roads, roads where optical 
beacon device have been installed, and other major 5 
roads. The optical beacon device correspond to road in- 
formation receiving device which have been installed 
under main control of police office. Nodes and links have 
been stored in the middle-grade layer, which indicate 
roads such as prefecture roads and city/town/village io 
roads, which are represented in a map drawn in a re- 
duced scale of 1/100,000. Also, nodes and links, which 
show roads indicated in a map drawn in a reduced scale 
of 1/5,000, have been stored in the lower-grade layer. 
[0238] In this embodiment mode, the shape matching is 
unitSSd of the receiving device 88 sequentially performs 
a shape matching operation from the upper-grade layer 
with respect to the shape vector When the shapes are 
made coincident with each other, the shape matching 
unit 88d accomplishes the matching operation, and 20 
then, judges such a road included in an object of the 
shape vector. 

[0239] Fig, 50 shows a flow chart for explaining this 
shape matching method according to this embodiment 
mode. As indicated in this drawing, in the case that the 
shape matching operation cannot succeed In the upper- 
grade layer (in example shown in Fig. 49, road between 
Pb to Pe Is not present In upper-grade layer (a) as rep- 
resented In Fig. 49(c)), the shape matching operation of 
the upper-grade layer Is transferred to the middle-grade so 
layer (b), in which a shape map operation Is again car- 
ried out from a first point Ps. Fig. 49 is such an example 
that all of the shape matching operations have been 
completed in the middle-grade layer. In the case that the 
mapimatching operations are not accomplished even In ^ 
the middle-grade layer, the shape matching operation is 
transferred to the lower-grade layer indicative of a more 
detailed road, and then, a shape matching operation is 
carried out. 

40 

(TWELFTH EMBODIMENT MODE) 

[0240] Next, Fig. 51 indicates a shape matching op- 
eration executed In the case that a node commonly used 
in the respective layers has been set. As shown in this 45 
drawing, symbols "Pa" and "Pc" of an upper-grade layer 
are nodes which correspond to symbols "PI" and "P2" 
of a lower-grade layer respectively Since such a shape 
matching-purpose database owns the same hardware 
structure as that of the transmitting device 87 and the so 
receiving device 88 mounted on the navigation machine 
of the center system shown in Fig. 43, this shape match- 
ing-purpose database will now be explained in combi- 
nation with Fig. 43. Also, in this case, a process opera- 
tion itself is executed in accordance with the flow chart ss 
indicated in Fig. 50 in the respective portions. 
[0241] In the case that such a shape vector shown in 
Fig. 52 is transmitted from the transmitting device 87, a 



route from Ps to Pd is present In the upper-grade layer, 
but a portion corresponding to a route "Pd-Pe" is not 
present In the upper-grade layer. As a result, the shape 
matching unit 88d of the receiving device 88 is trans- 
ferred to the middle-grade layer of the shape matching- 
purpose data 88b and performs a shape matching op- 
eration. In this case, since the node Pd (upper-grade 
layer) and the node P2 (middle-grade layer) which are 
commonly defined with respect to two layers, namely 
the upper-grade layer and the middle-grade layer in a 
route defined from the nods Ps to the node Pd, a indi- 
cated in Fig. 53, the matching result obtained in the up- 
per-grade layer is employed In the route between Ps and 
Pc, and the matching result obtained in the middle- 
grade layer is employed in the route between P2 corre- 
sponding to Pc and Pe\ so that the shape matching unit 
88d accomplishes the shape matching operation from 
the node Ps up to the node Pe. 
[0242] In this shape matching method, since a com- 
mon node Is similarly set between the middle-grade lay- 
er and the lower-grade layer, shape matching results of 
the respective layers are connected to each other by the 
common node, so that the shape matching results can 
be more effectively utilized. 

[0243] Fig. 54 shows a condition of a shape matching 
operation in the case that an identifier Is owned, while 
this Identifier indicates that a road is linked to which hi- 
erarchical layer by a common node. In Fig. 54, reference 
numerals 263, 264, 265 indicate links. In particular, ref- 
erence numeral 264 shows such a link that a definition 
of an identifier is made in a road which is also located 
In the upper-grade layer. On other hand, both the refer- 
ence numerals 263 and 265 correspond to roads which 
are located only in the lower-grade layer, and the roads 
263 and 264 are parallel-traveled in a partial section. 
Also, a result of the shape matching operation shown in 
Fig. 54 is indicated in Fig. 55, Also, in this case, a struc- 
ture of hardware is equal to that shown in Fig. 43. 
[0244] Fig. 45 indicates a data structure of link infor- 
mation stored in the shape matching database 88b. Al- 
so, Fig, 56 in dicatesaflow chart for describing the shape 
matching system in the 12th embodiment mode. A first 
feature of this shape matching system is given as fol- 
lows: That is, since hierarchical layer belonging infor- 
mation is present in a link, if a shape matching operation 
Is carried out in accordance with this Infomnatlon, then 
the shape matching operation can be carried out In a 
high speed. 

[0245] While the present invention has been de- 
scribed In detail, or with reference to the specific em- 
bodiment modes, it is obvious for those skilled in the art 
that the present invention maybe changed and modified 
without departing from the technteal scope and spirit of 
the present invention. 

[0246] The present patent application has been made 
based upon both Japanese Patent Application (No. 
2002-096893) filed on March 29, 2002, and Japanese 
Patent Application (No. 2002-288149) filed on Septem- 
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ber 30, 2002, the contents of which are incorporated 
herein as references. 

<INDUSTRIAL APPLICABlLITy> 

[0247] As apparent from the foregoing descriptions, 
in accordance with the map matching method of the 
present invention, the road which should be processed 
can be quickly and correctly identified. 
[0248] In particular, the great effect can be achieved 
in such a case that unequal conditions appear in the 
roads included in the objective roads within the road net- 
work, for instance, the travel locus transmitted from the 
objective road of the traffic information, and the probe 
(traveling vehicle) of the probe acquisition system. 
[0249] Also, both the device and the computer pro- 
gram of the present invention can realize the highspeed 
and corrects map matching operation, and can support 
the highspeed and correct map matching operation. 
[0250] Furthermore, in accordance with the present 
invention, even when the objective roads for providing 
the traffic information are increased, since the received 
infomriation is used to execute the shape matching op- 
eration, the road can be identified and the traffic infor- 
mation can be displayed without requiring excessive 
processing capability for the car. navigation device. As 
a result, while the excessive work load of the mainte- 
nance for the road data is not given, the positional infor- 
mation on the digital map can be transferred. Also, the 
infonmation related to the road such as the traffic infor- 
mation can be quickly displayed, or can be immediately 
provided. 



Claims 

1. A map matching method comprising the steps of: 

setting priority orders to road networks in re- 
sponse to frequencies to be appropriate to a ob- 
jective road of map matching operation, where- 
in said road networi<s has a bias on said fre- 
quencies; 

restricting a range of said road network 
matched with said objective road based upon 
said priority order; and 

if a candidate road which is matched with a 
shape vector of said objective road cannot be 
obtained, relaxing said restriction made based 
upon priority order so as to broaden said range 
of road networks matched with said objective 
road. 

2. A map matching method comprising the steps of: 

matching a road network whose weight is rela- 
tively large with a shape vector indicating a 
shape of a objective road, by using road net- 



work data of a map including a set of road net- 
works to which different weights have been ap- 
plied; and 

If a candidate road to be appropriate to said 
5 shape vector cannot be obtained in the road 

network whose weight is relatively large, further 
matching a road network having said road net- 
work whose weight is respectively large and a 
road network whose weight is relatively small, 
10 with said shape vector, and identifying said ob- 

jective road section. 

3. A map matching method comprising the steps of: 

15 matching a road network of a relatively upper- 

grade hierarchical layer with a shape vector in- 
dicating a shape of a objective road section, by 
using road network data including hierarchized 
road networks in which a road network of an 

20 upper-grade hierarchical layer is extracted from 

a road network having a lower-grade hierarchi- 
cal layer lower; and 

if a candidate road to be appropriate to said 
shape vector cannot be obtained in said road 
25 networi< of the relatively upper-grade hierarchi- 

cal layer, further matching a road network hav- 
ing a further lower-grade hierarchical layer with 
said shape vector, and identifying said objec- 
tive road. 

30 

4. The map matching method as claimed in claim 3, 
further comprising the step of: 

determining a hierarchical layer which is 
35 matched in the beginning stage by referring to 

attribute infomnation of said shape vector. 

5. The map matching method as claimed In claim 3, 
further comprising the step of: 

40 

determining each of the hierarchical layers of 
said hierarchized road networks by a road at- 
tribute. 

45 6. The map matching method as claimed in claim 5, 
wherein, as said road attributii, a road sort, a 
road number, tolls road/freeway, a road mode, or 
identification information as to a traffic information 
providing objective road Is employed. 

50 

7. The map matching method as claimed in claim 3, 
further comprising the step of: 

if the candidate road to be appropriate to said 
55 shape vector can be obtained, judging whether 

or not a parallel-traveling resembling shaped 
road having a resembling shape, which is 
traveled In a parallel to said candidate road. Is 
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present in a road network having a hierarchical 
layer which is lower than the hierarchical layer 
of the road network in which said candidate 
road could be obtained. 

5 

8. The map matching method as claimed in claim 7, 
further comprising the step of; 

if said parallel-traveling resembling shaped 
road is present, comparing a shape of said io 
shape vector, a shape of said candidate road, 
and a shape of said parallel-traveling resem- 
bling shaped road with each other, and judging 
whether or not an employment of said candi- 
date road is acceptable. is 

9. The map matching method as claimed in claim 8, 
further comprising a step of: 

if it cannot be judged that the employment of 20 
said candidate road is acceptable, re-starting a 
matching operation with respect to said shape 
vector by using a road network having a lower 
hierarchical layer than the hierarchical layer of 
the road network from which said candidate 25 
road has been acquired. 

10. The map matching method as claimed in claim 3, 
further comprising the steps of: 

30 

providing an interlayer linking node used to be 
transferred from a road network having an up- 
per-grade hierarchical layer to another road 
network having a one-lowered upper-grade hi- 
erarchical layer, with said road network having 35 
the upper-grade hierarchical layer; 
If a matching operation with respect to said 
shape vector cannot be carried out in a halfway 
of said road network having the upper-grade hi- 
erarchical layer, transferring to the road net- 40 
work having the one-lowered upper-grade hier- 
archical layer by returning to said interlayer 
linking node; and 

matching said road network having the lower 
grade hierarchical layer with said shape vector. 4s 

11. The map matching method as claimed in claim 3, 
further comprising the steps of: 

defining a return distance used to be trans- so 
ferred from a road network having an upper- 
grade hierarchical layer to another road net- 
work having a one-lowered upper-grade hierar- 
chical layer; 

if a matching operation with respect to said ss 
shape vector cannot becan-ied out in a halfway 
of said road network having the upper-grade hi- 
erarchical layer, transferring to the road net- 



work having the one-lowered upper-grade hier- 
archical layer by returning by said return dis- 
tance; and 

matching said road network having the lower- 
grade hierarchical layer with said shape vector. 

12. The map matching method as claimed in claim 3, 

setting data indicative of the uppennost hier- 
archical layer where respective links are present, to 
road network data having the respective hierarchi- 
cal layers except for the uppermost hierarchical lay- 
er; 

if a matching operation can succeed at one, 
or more points when a matching operation is carried 
out between said shape vector and the road net- 
work having the hierarchical layer other than the up- 
pemnost-grade hierarchical layer, transferring via 
the link to the road network having the upper-grade 
hierarchical layer where said link is present; and 

matching said road network having the upper- 
grade hierarchical layer with said shape vector 

13. The map matching method as claimed in claim 3, 
further comprising the step of: 

changing a searching range of a candidate 
point within the road network to be matched 
with said shape vector, based upon a magni- 
tude of an error included in said shape vector. 

14. The map matching method as claimed in claim 3, 
further comprising the steps of: 

setting a thinning distance of way points to be 
matched with said shape vector, based upon an 
averaged link length of the road networks hav- 
ing the respective hierarchical layers; and 
setting way points by thinning the way points in 
accordance with said thinning distance. 

15. The map matching method as claimed in claim 3, 
further comprising the step of: 

updating a road section to be included in the 
road networks having the respective hierarchi- 
cal layers of said road network data, In re- 
sponse to a frequency at which said road sec- 
tion has been identified as said objective road. 

16. The map matching method as claimed in claim 3, 
further comprising: 

copying a road section identified as said objec- 
tive road at each hierarchical layer, to a cache 
area, 

wherein a road network recorded in said 
cache area is employed as the road network of said 
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uppermost-grade hierarchical layer. 

17, The map matching method as claimed In claim 4, 
further comprising the steps of: 

previously applying parallel-traveling resem- 
bling shaped road presence/absence informa- 
tion for indicating as to whether or not said par- 
allel-traveling resembling shaped road Is 
present, to link data of the respective hierarchi- 
cal layers except for the lowermost-grade hier- 
archical layer of said road network data; and 
judging as to whether or not said parallel- 
traveling resembling shaped road is present, 
based upon said parallel-resembling shaped 
road presence/absence Information. 

18. The map matching method as claimed in claim 16, 
further comprising: 

creating, said parallel-traveling resembling 
shaped road presence/absence Information by 
using any one, or more items of: 



sembling shaped road rather than the shape of 
said candidate road, restarting a matching op- 
eration with respect to said shape vector by us- 
ing a road network of a hierarchical layer Includ- 
5 ing said parallel-traveling resembling shaped 

road. 

22. A receiving device comprising: 

10 a digital map; 

road network data for map patching, said road 
network including hierarchized road network 
with plural layers formed from said digital map, 
wherein a road network having an upper-grade 

15 hierarchical layer is extracted from a road net- 

work having a lower-grade hierarchical layer; 
a data receiving unit for receiving data which 
contains a shape vector indicative of a shape 
of a objective road; and 

20 a map matching unit for executing a map 

matching operation of said shape vector by us- 
ing said road network data so as to Identify said 
objective road, 



a plurality of way points set on the relevant 
road of an upper-grade layer; 
distances between proximate points of the 
respective way points on the adjacent 
roads; 

an azimuth difference between proximate 
points of the respective way points on the 
adjacent roads; 

a connecting characteristic between the 
proximate points; and 
a routed distance. 

19. The map matching method as claimed in claim 5, 
further comprising the step of: 

previously applying a shape representative val- 
ue indicative of a shape of a link, to link data 
having the respective hierarchical layers of said 
road network data, 

wherein said shape representative value is 
used for a comparison with respect to the shape of 
said shape vector 

20. The map matching method as claimed in claim 13, 

wherein said thinning distance is defined In 
such a manner that a way point is set to a feature 
point of a shape of a link. 

21. The map matching method as claimed in claim 9, 
further comprising the steps of: 

if the shape of said shape vector becomes 
close to the shape of said parallel-traveling re- 



25 wherein said map matching unit matches said 

shape vector with a road network having the upper- 
most-grade hierarchical layer of said road network 
data in a beginning stage, and 

wherein, if a candidate road to be appropriate 

30 to said shape vector cannot be obtained in the road 
network having the uppermost-grade hierarchical 
layer, said map matching unit matches said shape 
vector with a road network having another hierar- 
chical layer and identifies said objective road. 

35 

23. An event infomnation providing device comprising: 
a digital map; 

road network data for map patching, said road 
network including hierarchized road network 
with plural layers formed from said digital map, 
wherein a road network having an upper-grade 
hierarchical layer is extracted from a road net- 
work having a lower-grade hierarchical layer; 
a map data information transmitting unit for dis- 
tributing both said digital map and said road 
network data; 

a shape vector data producing unit for produc- 
ing a shape vector Indicative of a shape of a 
objective road of event information by using the 
data of said digital map; 
a shape vector def omning unit for performing an 
adding process operation of information for 
designating a hierarchical layer of said road 
network data to said shape vector produced by 
said shape vector data producing unit; and 
an event infomnation transmitting unit for trans- 
mitting event infomnation containing said shape 
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vector which is processed by said shape vector 
deforming unit. 

24. An event Infonnation providing device comprising: 

a digital map; 

a parallel-traveling resembling shape calculat- 
ing unit for catculating a parallel-traveling re- 
sembling shape link which is traveled in parallel 
to a link and has a shape resembled to said link 
from the data of said digital map; 
a shape vector data producing unit for produc- 
ing a shape vector Indicative of a shape of a 
objective road of event information by using the 
data of said digital map; 
a shape vector deforming unit for identifying as 
to whether or not said parallel-traveling resem- 
bling shaped link is present in the link of said 
objective road by using the calculation result of 
said parallel-traveling resembling shape calcu- 
lating unit, and if said parallel-traveling resem- 
bling shape link is present, executing a deform- 
ing process operation of said shape vector by 
extending said objective road up to such a po- 
sition that the shape of said parallel-traveling 
resembling shaped link can be discriminated 
from the shape of said objective road; and 
an event infonnation transmitting unit for trans- 
mitting event information including said shape 
vector processed by said shape vector deform- 
ing unit. 

25. A program causing a computerto execute the proc- 
esses of: 

obtaining a candidate road of an objective road 
with using road network data including hierar- 
chized road network with plural layers formed 
from said digital map, said road network having 
an upper-grade hierarchical layer is extracted 
from a road network having a lower-grade hier- 
archical layer, by matching a road network hav- 
ing an uppermost-grade hierarchical layer with 
a shape vector indicative of a shape of a objec- 
tive road, and by restarting to match a road net- 
work having another hierarchical layer with said 
shape vector if the candidate road to be appro- 
priate to said shape vector cannot be obtained 
in the road network having the uppermost- 
grade hierarchical layer; 
if a candidate road matched with said shaped 
vector can be obtained, judging as to whether 
or not a parallel-traveling resembling shaped 
road which is traveled in parallel to said objec- 
tive road and has a resembling shape thereto 
is present in a road network having a lower hi- 
erarchical layer than the hierarchical layer of 
said road network where said candidate road 



could be obtained; 

If said parallel-traveling resembling shaped 
road is present, judging as to whether or not an 
employment of said candidate road is accepta- 
5 ble by comparing a shape of said shape vector, 

a shape of said candidate road, and a shape of 
said parallel-traveling resembling shaped road 
are with each other; and 
if it cannot be judged that the employment of 
said candidate road is acceptable, restarting to 
match with respect to said shape vector by us- 
ing a road network having a lower hierarchical 
layer than the hierarchical layer of the road net- 
work from which said candidate road has been 
acquired. 

26. A database for shape matching, having a plurality 
of hierarchical layers and in which a road network 
is expressed by a node and a link in each of the 
20 hierarchical layers, said database comprising: 

an uppemnost-grade hierarchical layer having 
a node and a link, which represent the most im- 
portant road; and 
2S respective layers which are sequentially subdi- 

vided from said uppermost-grade hierarchical 
layer to a lower-grade hierarchical layer based 
upon important characteristics of said node and 
said link, which represent a road, 

30 

wherein both a node and a link which should 
be shape-matched from said road network are re- 
stricted by using said respective layers. 

35 27. A shape matching device for executing a shape 
matching operation by using both the shape match- 
ing-purpose map database and the shape vector, 
recited in Claim 26, 
wherein: 

40 

said shape matching device executes a shape 
matching operation from said uppennost-grade 
hierarchical layer; 

in the case that the shape matching operation 
can succeed in said uppermost-grade hierar- 
chical layer and both a node and a link can be 
identified, the process operation is accom- 
plished; 

in the case that both a node and a link, which 
correspond to said shape vector, cannot be 
identified, the shape matching operation is 
transferred to a lower-grade hierarchical layer 
and a shape matching operation is carried out; 
and 

an object for a shape matching operation is se- 
quentially transferred to a next hierarchical lay- 
er so as to perform a shape matching operation. 
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28. The shape matching device as claimed in claim 27, 

wherein, if a common node is provided during 
said plurality of hierarchicaf layers, the object of the 
shape matching operation Is transferred from said 
common node to the next hierarchical layer, and re- s 
suits of shape matching operations in the respective 
hierarchical layers are coupled to each other by said 
common node so as to perform a shape matching 
operation. 

10 

29. The shape matching device as claimed in claim 27 
or 28, 

wherein, if an identifier is applied to a link 
which is defined also in an upper-grade layer, the 
shape matching operation is transferred to said up- is 
per-grade layer by using said identifier so as to per- 
form a shape matching operation. 



30. The shape matching device as claimed in claim 27, 

28. or 29, 20 

wherein, in the case that the shape matching 
operation fails in said predetemilned hierarchical 
layer and if an absolute position indicative of said 
place is utilized, the shape matching operation is 
sequentially transferred to a lower-grade layer so 25 
as to execute a shape matching operation. 

31. The shape vector-purpose database as claimed In 
claim 26, 

wherein the higher the upper-grade layer be- 30 
comes, the coarser a total node number of the 
shape vector Is made. 

32. A shape vector transmitting server storing thereinto 
the shape vector-purpose database recited in claim 35 
26, or claim 31 , and transmitting either a portion or 

all of the shape vectors In response to a predeter- 
mined signal. 

33. The shape matching device as claimed in claim 27, 40 
28, 29, or 30, 

wherein, if a shape matching operation Is car- 
ried out in an upper-grade layer, a node is thinned 
from a node string having a shape vector by using 
Information as to a link length and a shape matching ^5 
operation Is carried out by using a thinned node 
string. 

34. The shape matching device as claimed in claim 27, 

28. 29, 30, or 33, so 

wherein, if additional information is added to 
a shape vector, a hierarchical layer to be used for 
firstly shape-matched is selected by using said ad- 
ditional information. 
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FIG. 1 



HEADER iNFORMATtON (SECTION DEFiNiTION ETC.) 



TOTAL NODE NUMBER N 



NODE NUMBER 1 



MODE ATTRIBUTE INFORMATION OF NODE 1 



L0NGJTUDE0FN0DE1 



UTITUDE 0FN0DE1 



TOTAL NUMBER OF NODES CONNECTED TO NODE 1 



CONNECTION NODE NUMBER #1 



LINK NUMBER #1-1 



CONNECTION NODE NUMBER #m j LINK NUMBER #1-fn. 



NODE NUMBER N 



NODE ATTRIBUTE INFORMATION OF NODE N 



LONGITUDE OF NODE N 



LATITUDE OF NODE N 



TOTAL NUMBER OF NODES CONNECTED TO NODE N 



CONNECTION NODE NUMBER #1 



LINK NUMBER #N-1 



CONNECTION NODE NUMBER #m 



LINK NUMBER #N-m 



TOTAL LINK NUMBER L 



UNK NUMBER 1 



ROAD ATTRIBUTE INFORMATION OF LINK 1 



TOTAL STRUCTURAL INTERPOLATION POINT NUMBER OF LINK 1 



LONGITUDE OF INTERPOLATION 
POINT M 



UTITUDE OF INTERPOLATION 
POINT 1-1 



LONGITUDE OF INTERPOLATION 
POINT t-p 



UTITUDE OF INTERPOLATION 
POINT 1-p 



LINK NUMBER L 



ROAD ATTRIBUTE INFORMATION OF LINK L 



TOTAL STRUCTURAL INTERPOLATION POINT NUMBER OF LINK L 



LONGITUDE OF INTERPOLATION 
POINT L-1 



LATITUDE OF INTERPOLATION 
POINT L-1 



LONGITUDE OF INTERPOLATION 
POINT L-p 



LATITUDE OF INTERPOLATION 
POINT L-p 
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FIG. 3 



(a) 



UPPER-GRADE ROAD NETWORK DATA 



HEADER INFORMATION 
(HIERARCHICAL NUMBER/SECTION DEFINITION ETC.) 



TOTAL NODE NUMBER N1 



NODE NUMBER 1 



NODE ATTRIBUTE INFORMATION OF NODE 1 



LATITUDE OF NODE 1 



LONGITUDE OF NODE 1 



TOTAL NUMBER OF NODES CONNECTED TO NODE 1 



CONNECTION NODE NUMBER #J1 



LINK NUMBER #J1-1 



CONNECTION NODE NUMBER #Jm 



LINK NUMBER #J1-m 



NODE NUMBER S 



NODE ATTRIBUTE INFORMATION OF NODE S 



LONGITUDE OF NODE S 



LATITUDE OF NODE S 



TOTAL NUMBER OF NODES CONNECTED TO NODE S (=1) 



CONNECTION NODE NUMBER #J1 



LINK NUMBER #SJ1 



TOTAL LINK NUMBER LI 



LINK NUMBER A 



ROAD ATTRIBUTE INFORMATION OF LINK A 



TOTAL STRUCTURAL INTERPOLATION J»OINT NUMBER OF LINK A 



LONGITUDE OF INTERPOLATION 
POINT A-1 



LATITUDE OF INTERPOLATION 
POINT A-1 



LONGITUDE OF INTERPOLATION 
POINT A-p 



LATITUDE OF INTERPOLATION 
POINT A-p 



LINK NUMBER SJ1 



ROAD ATTRIBUTE INFORMATION OF LINK SJ1 



TOTAL STRUCTURAL INTERPOLATION POINT NUMBER OF LINK SJ1 



LONGITUDE OF INTERPOLATION 
POINT 1 



LATITUDE OF INTERPOLATION 
POINT 1 



LONGITUDE OF INTERPOLATION 
POINT p 



UTITUDE OF INTERPOLATION 
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o 
o 



33 



BNSOCKID: <EP. 



.14a2072A1J_> 



EP 1 492 072 A1 



(b) 



MIDDLE-GRADE ROAD NETWORK DATA 



HEADER INFORMATION 
(HIERARCHICAL NUMBER/SECTION DERNmON ETC.) 



TOTAL NODE NUMBER N2 



NODE NUMBER 1 



NODE ATTRIBUTE INFORMATION OF NODE 1 



LATITUDE OF NODE 1 



LONGITUDE OF NODE 1 



TOTAL NUMBER OF NODES CONNECTED TO NODE 1 



CONNECTION NODE NUMBER #K1 



LINK NUMBER #KM 



CONNECTION NODE NUMBER #Km 



LINK NUMBER #K1-m 



NODE NUMBERS 



NODE ATTRIBUTE INFORMATION OF NODE S 



LONGITUDE OF NODES 



LATITUDE OF NODES 



TOTAL NUMBER OF NODES CONNECTED TO NODE S (=2) 



CONNECTION NODE NUMBER #K1 



CONNECTION NODE NUMBER #K2 



LINK NUMBER iifSKi 



LINK NUMBER #SK2 



TOTAL LINK NUMBER L2 



LINK NUMBER B 



ROAD ATTRIBUTE INFORMATION OF UNK B 



TOTAL STRUCTURAL INTERPOLATION POINT NUMBER OF LINK B 



LONGITUDE OF INTERPOLATION 
POINT B-1 



LATITUDE OF INTERPOUTION 
POINT B-1 



LONGITUDE OF INTERPOLATION 
POINT B-p 



LATITUDE OF INTERPOLATION 
POINT B-p 



LINK NUMBER SK2 



ROAD ATTRIBUTE INFORMATION OF LINK SK2 
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ZD 
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CO 



TOTAL STRUCTURAL INTERPOLATION POINT NUMBER OF LINK SK2 



LONGITUDE OF INTERPOLATION 
POINT 1 



LATITUDE OF INTERPOLATION 
POINT 1 



LONGITUDE OF INTERPOLATION 
POINT q 



LATITUDE OF INTERPOUTION 
POINT q 
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(C) 



LOWER-GRADE ROAD NETWORK DATA 



HEADER INFORMATION 
(HIERARCHICAL NUMBER/SECTION DEFINITION ETC.) 



TOTAL NODE NUMBER N3 



NODE NUMBER 1 



NODE ATTRIBUTE INFORMATION OF NODE 1 



LATITUDE OF NODE 1 



LONGITUDE OF NODE 1 



TOTAL NUMBER OF NODES CONNECTED TO NODE 1 



CONNECTION NODE NUMBER #1 



LINK NUMBER #1-1 



CONNECTION NODE NUMBER #m 



LINK NUMBER #1-11) 



NODE NUMBER S 



NODE ATTRIBUTE INFORMATION OF NODE S 



LONGITUDE OF NODES 



LATITUDE OF NODES 



TOTAL NUMBER OF NODES CONNECTED TO NODE S (=3) 



CONNECTION NODE NUMBER #M1 



LINK NUMBER #SM1 



CONNECTION NOPE NUMBER #M2 



LINK NUMBER #SM2 



CONNECTION NODE NUMBER #M3 



LINK NUMBER #SM3 



TOTAL LINK NUMBER L3 



LINK NUMBER C 



ROAD ATTRIBUTE INFORMATION OF LINK C 



TOTAL STRUCTURAL INTERPOLATION POINT NUMBER OF LINK C 



LONGITUDE OF INTERPOLATION 
POINT C-1 



LATITUDE OF INTERPOLATION 
POINT C-1 



LONGITUDE OF INTERPOLATION 
POINT C-p 



LATITUDE OF INTERPOLATION 
POINT C-p 



LINK NUMBER SM2 



ROAD ATTRIBUTE INFORMATION OF LINK SM2 



TOTAL STRUCTURAL INTERPOLATION POINT NUMBER OF LINK SM2 



LONGITUDE OF INTERPOLATION 
POINT 1 



LATITUDE OF INTERPOUTION 
POINT 1 



LONGITUDE OF INTERPOLATION 
POINT r 



LATITUDE OF INTERPOUTION 
POINT r 
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FIG. 5 
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SHAPED ROAD IS PRESENT IN NEAR 
PLACE IN LOWER-GRADE LAYER 
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FIG. 7 



Q START J 
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(LAYER NUMBER M=1) 
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FIG. 8 
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FIG. 9 



EXAMPLE IN WHICH PARALLEL-TRAVELING 
ROAD IS CUT IN HALF WAY 
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FIG. 10 



(a) 



EXAMPLE OF MAP MATCHING PURPOSE ROAD NETWORK DATA 



HEADER INFORMATION 
- (HIERARCHICAL NUMBER/SECTION DEFINITION ETC.) 



TOTAL NODE NUMBER N 



NODE NUMBER 1 



ATTRIBUTE INFORMATION OF NODE 1 



LONGITUDE OF NODE 1 



UTITUDE OF NODE 1 



TOTAL NUMBER OF NODES CONNECTED TO NODE 1 



CONNECTION NODE NUMBER #1 



LINK NUMBER #1-1 



CONNECTION NODE NUMBER #m 



LINK NUMBER #1-m 



TOTAL UNK NUMBER L 



UNK NUMBER 1 



ROAD ATTRIBUTE INFORMATION OF LINK 1 



PARALLEL-TRAVELING RESEMBLING SHAPE ATTRIBUTE OF LINK 1 \ - 
TOTAL STRUCTURAL INTERPOLATION POINT NUMBER OF LINK 1 



LONGITUDE OF INTERPOUTION 
POINT 1-1 



LATITUDE OF INTERPOLATION 
POINT 1-1 



LONGITUDE OF INTERPOUTION 
POINT 1-p 



LATITUDE OF INTERPOLATION 
POINT 1-p 



LINK NUMBER L 



ROAD ATTRIBUTE INFORMATION OF LINK L 



PARALLEL-TRAVELING RESEMBLING SHAPE ATTRIBUTE OF LINK L 
TOTAL STRUCTURAL INTERPOLATION POINT NUMBER OF UNK L 



LONGITUDE OF INTERPOLATION 
POINT L-1 



UTITUDE OF INTERPOUTION 
POINT L-1 



LONGITUDE OF INTERPOUTION 
POINT L-p 



LATITUDE OF INTERPOUTION 
POINT L-p • 
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(b) 

PARALLEL-TRAVELING RESEMBLING SHAPED ROAD 
PRESENCE/ABSENCE INFORMATION 
(IN CASE THAT ONE DIRECTION IS REPRESENTED BY 1 LINK) 



PRESENCE/ABSENCE OF PARALLEL-TRAVELING RESEMBLING 
SHAPE (PRESENCePRESENCE IN PARTIAL SECTION/ABSENCE) 



CONNECTION/NON-CONNECTION AT UP/DOWN-STREAM SIDED 

INTERSECTIONS 
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FIG. 11 
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FIG. 12 



(a) 



EXAMPLE OF MAP MATCHING PURPOSE ROAD NETWORK DATA 



HEADER INFORMATION 
(HIERARCHICAL NUMBER/SECTION DEFINimON ETC.) 



TOTAL NODE NUMBER N 



NODE NUMBER 1 



ATTRIBUTE INFORMATION OF NODE 1 



LONGITUDE OF NODE 1 



LATITUDE OF NODE 1 



TOTAL NUMBER OF NODES CONNECTED TO NODE 1 



CONNECTION NODE NUMBER #1 



LINK NUMBER #1-1 



CONNECTION NODE NUMBER #m 



UNK NUMBER #1-m 



TOTAL LINK NUMBER L 



LINK NUMBER 1 



ROAD ATTRIBUTE INFORMATION (ROAD SPAT ETC.) OF LINK 1 
PARALLEL-TRAVELING RESEMBLING SHAPE ATTRIBUTE OF UNK 1 



TOTAL STRUCTURAL INTERPOLATION POINT NUMBER OF LINK 1 



LONGITUDE OF INTERPOLATION 
POINT 1-1 



LATITUDE OF INTERPOLATION 
POINT 1-1 



LONGITUDE OF INTERPOLATION 
POINT 1-p 



UTITUDE OF INTERPOLATION 
POINT 1-p 



LINK NUMBER L 



ROAD ATTRIBUTE INFORMATION (ROAD SCAT ETC.) OF LINK L 



PARALLEL-TRAVELING CONNECTING SHAPE ATTRIBUTE OF UNK L 
TOTAL STRUCTURAL INTERPOLATION POINT OF UNK L 



LONGITUDE OF INTERPOUTION 
POINT L-1 



LATITUDE OF INTERPOLATION 
POINT L-1 



LOMGITUDE OF INTERPOUTION 
POINT L-p 



LATITUDE OF INTERPOLATION 
POINTL^ 
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(b) 

PARALLEL-TRAVELING RESEMBLING SHAPE ATTRIBUTE INFORMATION 
(IN CASE THAT ONE DIRECTION IS INDICATED BY 1 LINK) 



DECLINATION ACCUMULATED VALUE OF LINK 1 . 



DECLINATION ABSOLUTE VALUE ACCUMULATED VALUE OF LINK 1 



TOTAL NUMBER OF PARALLEL-TRAVELING RESEMBLING SHAPES 



RESEMBLING SHAPE 
EVALUATION VALUE 



ROAD ATTRIBUTE 



HIERARCHICAL LAYER 



ENTIRBPARTIAL IDENTIFY 



DECLINATION ACCUMULATED VALUE 



DECLINATION ABSOLUTE VALUE ACCUMULATED VALUE 



FLUCTUATIOHOTANDARD DEVIATION) WITH RESPECT TO LINK 1 



CONNECT/NOT CONNECT AT UP-STREAM SIDED INTERSECTION 



DECLINATION ABSOLUTE VALUE ACCUMULATED VALUE 
(MINIMUM VALUE) OF CONNECTION PORTION 



RESEMBLING SHAPE 
EVALUATION VALUE 



ROAD ATTRIBUTE 



HIERARCHICAL LAYER 



ENTIRE/PARTIAL IDENTIFY 



DECLINATION ACCUMULATED VALUE 



DECLINATION ABSOLUTE VALUE ACCUMULATED VALUE 



FLUCTUATION (STANDARD DEVIATION) WITH RESPECT TO LINK 1 



CONNECT/NON-CONNECT FLAG TO 
UP-STREAM SIDED INTERSECTION 



DECLINATION ABSOLUTE VALUE ACCUMULATED VALUE 
(MINIMUM VALUE) OF CONNECTION PORTION 



>1 



J 



BNSDOCID: <EP 1492072A1J_> 



46 



EP 1 492 072 A1 



FIG. 13 



( START ) 



.St.1 



EXECUTE MAP MATCHING 
OPERATION IN HIGH-GRADE LAYER 
AS HIGH AS BEING PERMITTED SO 
AS TO IDENTIFY ROAD 



.St.2 



REFER TO ADDITIONAL 
INFORMATION OF NETWORK DATA, 
AND JUDGE AS TO WHETHER OR 
NOT RESEMBLING SHAPED ROAD 
IS PRESENT AT ADJACENT AREA IN 
LOWER-GRADE LAYER? 




PRESENT IN 
PARTIAL 
SECTION, 
OR ENTIRE 
SECTION 



St.41 



CALCULATE SHAPE 
REPRESENTATIVE VALUE 
OF SHAPE VECTOR 



SL42 



COMPARE SHAPE 
REPRESENTATIVE VALUE OF 
SHAPE VECTOR AND ROAD 
SORT WITH SHAPE 
REPRESENTATIVE VALUBROAD 
ATTRIBUTE OF MATCHED ROAD 
AND SHAPE REPRESENTATIVE 
VALUE/ROAD ATTRIBUTE OF 
PARALLEL-TRAVELING ROAD 



MOT PRESENT 



NO POSSIBIUTY 



.SL5 

POSSIBILITY' 
OF ERROR MATCHING" 
OPERATION IS 
EVALUATED?, 



possibility! 



^.71 



JUDGE UPPERMOST-GRADE 
LAYER WHERE PARALLEL- 
TRAVELING ROAD IS PRESENT 

BASED UPON SHAPE 
REPRESENTATIVE AND ROAD 
ATTRIBUTE (WHEN LAYER IS 

NOT CLEAR, JUDGE 
LOWERMOST-GRADE LAYER) 



.31.72 



EXECUTE MAP MATCHING 
OPERATION IN RELEVANT 
LAYER 



.SL6 



DETERMINE IDENTIFIED ROAD 



Si73 



IDENTIFY OBJ ECTIVE ROAD | 

r 



C END ^ 
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FIG. 14 



(2) ROUTE LINE SECTION 
OF UPPER-GRADE LAYER 
(11AYER) 



(1) SHAPE VECTOR 




(3) PARALLEL-TRAVELING 
ROAD WHICH IS BENT IN 
CRANK SHAPE (LOWER- 
GRADE LAYER (3 LAYERS)) 



FIG. 15 



EXAMPLE IN WHICH PARALLEL-TRAVELING 
ROAD IS PRESENT IN PARTIAL SECTION 



PARALLEL-TRAVELING ROAD 
ALONG MAJOR ROAD 



MAJOR ROAD 
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V 
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FIG. 19 



INTERSECTION 
NODE— 



SKIP 
f>^DISTANCE 




SKIP 
DISTANCE- 



SKIP 
DISTANCE 



RETURN DISTANCE WHEN 
MATCHING OPERATION IS 
TRANSFERRED TO LOWER 
GRADE LAYER 




INTERLAYER 
UNKING NODE 



FIG. 20 



SKIP DISTANCE 



SHAPE VECTOR 




-EITHER OBJECTIVE 
ROAD IN WHICH CRANK 
SHAPE IS FEATURED OR 
PARAaEL-TRAVELING 
RESEMBLING SHAPE 
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FIG. 21 



HEADER INFORMATION 
(HIERARCHICAL NUMBER/SECTION DEFINITION ETC.) 

TOTAL NODE NUMBER N 



NODE NUMBER 1 



ATTRIBUTE INFORMATION OF NODE 1 



LONGITUDE OF NODE 1 



LATITUDE OF NODE 1 



TOTAL NUMBER OF NODES CONNECTED TO NODE 1 



CONNECTION NODE NUMBER #1 



LINK NUMBER #1-1 



CONNECTION NODE NUMBER #m 



UNK NUMBER #1-m 



TOTAL LINK NUMBER L 



LINK NUMBER 1 



ROAD ATTRIBUTE INFORMATION OF LINK 1 



PARALLEL-TRAVELING RESEMBLING SHAPE ATTRIBUTE OF LINK 1 
UPPERMOST-GRADE LAYER NUMBER OF PRESENT ROAD 



TOTAL STRUCTURAL INTERPOLATION POINT OF LINK 1 



LONGITUDE OF INTERPOLATION 
POINT 1-1 



LATITUDE OF INTERPOLATION 
POINT 1-1 



RECOMMENDED SKIP DISTANCE IN LINK BETWEEN 1-1 AND 1-2 



(RETURN DISTANCE IN LINK BETWEEN 1-1 AND 1-2 WHEN MAP 
MATCHING OPERATION IS TRANSFERRED TO LOWER-GRADE LAYER) 



LONGITUDE OF INTERPOUTION 
POINT 1-2 



LATITUDE OF INTERPOLATION 
POINT 1-2 



LONGITUDE OF INTERPOLATION 
POINT 1-p 



LATITUDE OF INTERPOLATION 
POINT 1-p 
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FIG. 22 



( START ■) 



St.51 



SEARCH CANDIDATE POINTS 
(N PIECES) LOCATED AROUND 

END TERMINAL IN 
LOWERMOST-GRADE LAYER 



I 



a52 



EXECUTE MAP MATCHING 
OPERATION WITHIN SHORT 

SECTION, AND HOLD 
PLURALITY OF CANDIDATES 



St53 



IDENTIFY RELEVANT LAYER 
NUMBER 



.81.54 



IN CASE THAT LAYEB NUMBERS 
ARE CONTINUOUSLY SAME, 
REFER TO WP SKIP DISTANCE 
(IN OTHER CASES, REFER AT 
ADJACENT CONTACT POINT IN 
PRINCIPLE) SO AS TO 
DETERMINE NEXT WP, AND 
SEARCH CANDIDATE POINT *1 



,St.55 

'SEARCHING" 
OPERATION OF 
CANDIDATE POINT CAN^ 
SUCCEED? 

YESl 




St.58 



IN CASE THAT SUCCESS OF 
CANDIDATE POINT SEARCHING 
OPERATION IS CONTINUED AND 
RELEVANT ROAD IS DEFINED 
ALSO IN UPPER-GRADE LAYER, 
MAP MATCHING OPERATION IS 
TRANSFERRED TO UPPER- 
GRADE LAYER 



WP TO BE SEARCHED IS RETURNED 
UP TO EITHER POSITION OF 
INTERUVYER LINKING NODE OR 
RETURN DISTANCE WHEN MAP 
MATCHING OPERATION IS 
TRANSFERRED TO LOWER-GRADE 
LAYER, AND THEN MAP MATCHING 
OPERATION IS TRANSFERRED TO 
LOWER-GRADE LAYER 




( END 3 
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FIG. 24 



SHAPE VECTOR DATA STREAM 



BASE MAP PRECISION INFORMATION OF SHAPE VECTOR 



SHAPE VECTOR STREAM IDENTIFICATION NUMBER = 1 



ROAD ATTRIBUTE 



MAXIMUM DEFORMATION AMOUNT [mj WHEN DEFORMATION IS 
MADE SO AS TO PREVENT ERRONEOUS MAP MATCHING OPERATION 



MAXIMUM ALLOWABLE ERROR AMOUNT [m] WHEN NON- 
REVERSIBLE COMPRESSING OPERATION IS CARRIED OUT 



TOTAL NODE NUMBER OF SHAPE DATA AFTER COMPRESSING 

OPERATION 



NODE NUMBER pi 



X-DIRECTION ABSOLUTE COORDINATE (LONGITUDE) OF NODE 1 



Y-DIRECTION ABSOLUTE COORDINATE (LONGITUDE) OF NODE 1 



SHAPE DATA WHICH HAS BEEN NONREVERSIBLE-COMPRESSED 



SHAPE VECTOR STREAM IDENTIFICATION NUMBER = 100 



SHAPE VECTOR STREAM IDENTIFICATION NUMBER = ZZ 
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FIG. 25 

START ^ 



ACQUIRE PRECISION INFORMATION 
(A) OF BASE MAP FROM SHAPE 
VECTOR DATA STREAM 



.St.21 



ACQUIRE MAXIMUM DEFORMATION 
AMOUNT(B) WHEN DEFORMATION 
IS MADE SO AS TO PREVENT 
ERROR MATCHING OPERATION 
'} FROM SHAPE VECTOR DATA 
STREAM 



,St.22 



ACOUJRE MAXIMUM ALLOWABLE 
ERROR(C) WHEN DEFORMATION IS 

MADE SO AS TO PERFORM NON- 
REVERSIBLE COMPRESSION FROM 

SHAPE VECTOR DATA STREAM 



.St-23 



DETERMINE CANDIDATE POINT 
SEARCHING RANGE FROM (A), (B), 



^ 

END ^ 
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FIG. 26 



( START 3 



St.10 



SET LAYER WHICH IS USED TO 
UPPERMOST-GRADE LAYER 
(UYER NUMBER M = 1) 



.St.11 



EXECUTE MAP MATCHING 
OPERATION (WHEN CANDIDATE 
POINT SEARCHING OPERATION 
CONTINUOUSLY FAILS. PROCESS 
OPERATION IS INTERRUPTED) 



.St12 



CALCULATE EVALUA TION VALUE 

.St.13 

'CANDIDATE'" 
POINT SEARCHING 
t)PERATI0N CAN SUCCEED AND" 
EVALUATION VALUE IS SMALLER 
THAN, OR EQUAL TO 
DETERMINED 
J/ALUEl 



NO 



YES 



YES, 



St 14 



IDENTIFY OBJECTIVE ROAD 



.SL18 



SET HIT NUMBER COUNTER TO 
OBJECTIVE ROAD 



^,.SM6 

MAP 
MATCHING 
OPERATION FAILS IN 
JJPPERMOST-GRADE^ 
LAYER? 



NO 



.St.15 



( END ) 



MAP MATCHING OPERATION 
IS TRANSFERRED TO 
LOWER-GRADE LAYER 
(LAYER NUMBER M = M + 1 ) 



I 



C START ■) 



.St.80 



CALCULATE HIT RATIO IN UNIT OF ROAD SECTION BASED 
UPON RECEPTION TIME AND HIT NUMBER COUNTER 



SL81 



UPDATE HIERARCHICAL LAYER NETWORK DATA, AND 
RESET RECEPTION TIME AND HIT NUMBER COUNTER 



C END ) 
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FIG. 27 




: LINK WHICH IS HIT IN RELEVANT LAYER 
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FIG. 28 



UPPER-GRADE ROAD NETWORK DATA 



(a) 




gCONNECTtON NODE NUMBER #J1J ^^^LINK NUMBER #SJ1 



HEADER JNFORMATION 
(HIERARCHICAL LAYER NUMBER/SECTION DERNITION ETC.) 



TOTAL NODE NUMBER N1 



NODE NUMBER 1 



ATTRIBUTE INFORMATION OF NODE 1 



LONGITUDE OF NODE 1 



UTrrUDEOFNODEI 



TOTAL NUMBER OF NODES CONNECTED TO NODE 1 



CONNECTION NODE NUMBER #J1 



LINK NUMBER #J1-1 



CONNECTION NODE NUMBER #Jm 



UNK NUMBER iUI-m 



TOTAL NUMBER OF NODES CONNECTED TO NODE S (=2) 



CONNECTION NODE NUMBER #J2 



LINK NUMBER #SJ2 



TOTAL UNK NUMBER LI 



LINK NUMBER A 



ROAD ATTRIBUTE INFORMATION OF UNK A 



PARALLEL-TRAVEUNG FESEMBUNG SHAPE ATTRBUTE OF LINK A 



TOTAL STRUCTURAL INTERPOLATION POINT NUMBER OF LINK A 



LONGITUDE OF INTERPOLATION 
POINT A-1 



LATITUDE OF INTERPOLATION 
POINT A-1 



LONGITUDE OF INTERPOLATION 
POINT A-p 



LATITUDE OF INTERPOLATION 
POINT A-p 




^ LINK NUMBER SJ1 



RALLEL-TRAVELING CONNECTING SHAPE ATTRIBUTE OF LINK S. 



^ROAD ATTRIBUTE INFORMATION OF LINK SJ1 



ATT 




TOTAL STRUCTURAL INTERPOLATION POINT OF LINK SJ1 
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(b) 



LOWER-GRADE ROAD NETWORK DATA 



HEADER INFORMATION 
(HIERARCHICAL LAYER NUMBER/SECTION DEFINITION ETC.) 



TOTAL NODE NUMBER Nl 



NODE NUMBER 1 



ATTRIBUTE INFORMATION OF NODE 1 



LONGITUDE OF NODE 1 



UTITUDEOFN0DE1 



TOTAL NUMBER OF NODES CONNECTED TO NODE 1 



CONNECTION NODE NUMBER #1 



LINK NUMBER #1-1 



CONNECTION NODE NUMBER #m | 



LINK NUMBER #1-m 




TOTAL NUMBER OF NODES CONNECTED TO NODE S (=3) 



CONNECTION NODE NUMBER jfK1 




LINK NU MBER #SK1 
^UNK NUMBER # SK2j 



%PPMECTtQNNODEMMBE R#l 



CONNECTION NODE NUMBER #K3 



LINK NUMBER #SK3 



TOTAL LINK NUMBER L2 



LINK NUMBER B 



ROAD ATTRIBUTE INFORMATION OF UNK B 



PARALLEL-TRAVELING RESEMBLING SHAPE ATTRIBUTE OF LINK B 
TOTAL STRUCTURAL INTERPOLATION POINT NUMBER OF UNK B 



LONGITUDE OF INTERPOLATION 
POINT B-1 



LATITUDE OF INTERPOLATION 
POINT B-1 



LONGITUDE OF INTERPOUTION 
■ POINT B-p 



LATITUDE OF INTERPOLATION 
POINT B-p 
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(c) 



CACHE LAYER ROAD NETWORK DATA (HATCHED PORTIONS OF 
UPPER-GRADE/LOWER-GRADE UYER DATA ARE COPIED. AND EVERY 
TIME TOTAL NUMBER OF NODES IS CALCULATED. CACHE LAYER ROAD 
NETWORK DATA IS PRODUCED) 



HEADER INFORMATION 
(HIERARCHICAL LAYER NUMBER/SECTION DEFINITION ETC.) 



TOTAL NODE NUMBER N (SEQUENTIALLY ADD EVERY COPY) 




NODE NUMBER S 



P ArfRIBUTE INFORMATION OF NODE^ 



^ LONGITUDE OF NODE S ^^^^pJ^TITUDE OF NODE S^^p 



pCONNECTlON NODE NUMBER #J1 ^ 



TOTAL NUM BER OF NODES CONNE CTED TO NODE S (=2) 



^ LINK NUMBER #SJl/^ 



I 

I 



CONNECTION NODE NUMBER #K2 



UNK NUMBER #SK2 



TOTAL LINK NUMBER L (SEQUENTIALLY ADD EVERY COPY) 



LINK NUMBER SJ1 




^HOP^ ATTRIBUTE INFORMATION OF LINKSJ1 




^LiNKWMBERSK2 




ROAD ATTRIBUTE INFORMATION OF LINK SK2^ 



^PAfe^aORAVELiNGC^^^ 



Q 
LU 



O 
O 

CO 
CM 



^WrOTAL SitRUCTURAL INTERPOLATION POINT NUMBER OF LINK SK2P 
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FIG. 29 



UPPER-GRADE LAYER 



LINKSJ2 



NODES 



UNKSJ1 




NODE 




LOWER-GRADE UYER 




NODE K2 



UNKSK3 



: LINK WHICH IS HIT IN RELEVANT LAYER 
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FIG. 31 



EXAMPLE 1, SHAPE VECTOR DATA STREAM (HIERARCHICAL LAYER 
JUDGING INFORMATION IS ADDED IN UNIT OF SHAPE VECTOR) 



SHAPE VECTOR STREAM IDENTIFICATION NUMBER = 1 




m HIERARCHICAL LAYER NUMBER ^^M, 



ROAD ATTRIBUTE (ROAD SORT ETC.) 



TOTAL NODE NUMBER 



NODE NUMBER pi 



X DIRECTION ABSOLUTE COORDINATE (LONGITUDE) OF NODE 1 



Y DIRECTION ABSOLUTE COORDINATE (LONGITUDE) OF NODE 1 



ABSOLUTE AZIMUTH OF NODE 1 



NODE NUMBER pN 

RELATIVE COORDINATE (xn) OF NODE N 
. RELATIVE COORDINATE (yn) OF NODE N 
REUTIVE AZIMUTH OF NODE N 



SHAPE VECTOR STREAM IDENTIFICATION NUMBER = 100 



SHAPE VECTOR STREAM IDENTIFICATION NUMBER = 2Z 



O 
O 
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IM EXAMPLE 2, SHAPE VECTOR DATA STREAM (HIERARCHICAL 
^ . LAYER JUDGING INFORMATION IS ADDED IN UNIT OF NODE) 



SHAPE VECTOR STREAM IDENTIFICATION NUMBER = 1 



TOTAL NODE NUMBER 



NODE NUMBER pi 



HIERARCHICAL LAYER ^ 
NUMBER OF NODE 1 





X DIRECTION ABSOLUTE COORDINATE (LONGITUDE) OF NODE 1 



Y DIRECTION ABSOLUTE COORDINATE (LONGITUDE) OF NODE 1 



ABSOLUTE AZIMUTH OF NODE 1 



NODE NUMBER pN 



HIERARCHICAL LAYER ^ 
NUMBER OF NODE N. 





RELATIVE COORDINATE (xn) OF NODE N 



RELATIVE COORDINATE (yn) OF NODE N 



RELATIVE AZIMUTH OF NODE N 



SHAPE VECTOR STREAM IDENTIFICATION NUMBER = 100 



SHAPE VECTOR STREAM IDENTIFICATION NUMBER = ZZ 
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FIG. 33 



< PARALLEL-TRAVELING RESEMBLING 
SHAPE EXTRACTING PROCESS OPERATION > 



START ^ 



.St.90 



UNK NUMBER L:=1 



,St.91 



ACQUJRE INFORMATION AS TO 
LINK L AND PERIPHERAL LINK 
FROM MAP DATABASE 



.St.92 



CALCUIJVTE PRESENCE 
CONDITION OF PARALLEL- 
TRAVELING RESEMBLING 
SHAPED ROAD OF LINK L 



>SL93 



STORE RESULT INTO 
PARALLEL-TRAVELING 
RESEMBLING SHAPE 
DATABASE 




St.95 



LINK NUMBER L = L+1 | 



68 

BNSDOCID: <EP 14S2072A1_L> 



EP 1 492 072 A1 



FIG. 34 



< SHAPE VECTOR PRODUCING 
PROCESS OPERATION > 



( START 



St.100 



ACQUIRE EVENT INFORMATION 



I 



.St. 



PRODUCE SHAPE VECTOR 



01 



.St. 102 



CALCULATE NUMBER OF LINK 
CORRESPONDING TO SHAPE 
VECTOR 



.SL103 



ACQUIRE PARALLEL-TRAVELING 
RESEMBLING SHAPE PRESENCE 
STATUSES OF RESPECTIVE LINKS 

FROM PARALLEL-TRAVELING 
RESEMBLING SHAPE DATABASE 



.SL1 



CALCULATE PRESENCE STATUS OF 
PARALLEL-TRAVELING RESEMBLING 
SHAPED ROAD THROUGH ENTIRE 
SHAPE VECTOR 



04 



.St. 105 

TARALLEL^ 
TRAVELING 
RESEMBLING SHAPE AROUND 
^START/END TERMINALS. 
IS "NONE"? 



NO 



YES J 



.SL106 



PARALLEL- 
TRAVELING 
RESEMBLING SHAPED ROAIT 
CONTAINS EITHER "NONE" OR 
s^^ARTIAL SECTION" IN HALE. 
WAY OF SHAPE 
VECTOR? 

YESi 



NO 



SL107 



DEFORM SHAPE VECTOR (SHAPE 
VECTOR IS ELONGATED ALONG 
ROAD FROM BOTH TERMINALS) 



I 



1 



SM08 



DETERMINE SHAPE VECTOR 

— Y" ' 

( END ) 
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FIG. 35 
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FIG. 36 

(a) SHAPE VECTOR DATA STREAM 

SHAPE VECTOR STREAM IDENTIFICATION NUM BER = 1 

SORT OF VECTOR DATA (= ROAD) 

TOTAL NODE NUMB ER 

NODE NUMBER p1 

X DIRECTION ABSOLUTE COORDINATE (LONGIT UDE) OF NODE 1 
Y DIRECTION ABSOLUTE COORDINATE (LONGITUDE) O F NODE 1 
ABSOLUTE AZIMUTM OF NODE 1 



NODE NUMBER pN 
REUTIVE COORDINATE (xn) OF NODE N 
REUTIVE COORDINATE (yh) OF NO DE N 
RELATIVE AZIMUTH OF NODE N 



SHAPE VECTOR STREAM IDENTIFICATION NUMBER = 100 



SHAPE VECTOR STREAM IDENTIFICATION NUMBER =2Z 
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(b) TRAVEL TIME INFORMATION 

TOTAL NUMBER V OF TRAVEL TIME PROVIDING SECTIONS 

PROVIDED TRAVEL TIME SERIAL NUMBER = 1 

REFERENCE SHAPE VECTOR STREAM NUMBER = 8 

DIRECTION IDENTIRCATION FLAG 
(FORWARD DIRECTION/REVERSE DIRECTION) 



REFERENCE NODE Pa OF 
STARTING TERMINAL SIDE 



RELATIVE DISTANCE La OF 
STRA7TON TERMINAL SIDE 



REFERENCE NODE Pb OF 
END TERMINAL SIDE 



RELATIVE DISTANCE Lb OF 
STRATTON TERMINAL SIDE 



TRAVEL TIME T1 BETWEEN STARTING 
TERMINAL AND END TERMINAL 



PROVIDED TRAVEL TIME SERIAL NUMBER V 

REFERENCE SHAPE VECTOR STREAM NUMBER = 124 

DIRECTION IDENTIFICATION FLAG 
(FORWARD DIRECTIONfflEVERSE DIRECTION) 



REFERENCE NODE Pc OF 
STARTING TERMINAL SIDE 



RELATIVE DISTANCE Lc OF 
STRATTON TERMINAL SIDE 



REFERENCE NODE Pd OF 
END TERMINAL SIDE 



RELATIVE DISTANCE Ld OF 
STRATTON END SIDE 



TRAVEL TIME Tv BETWEEN STARTING 
TERMINAL AND END TERMINAL = Tv 



BNSDOCID: <EP 1492072A1J^> 
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FIG. 37 

(a) 

SHAPE VECTOR DATA STREAM INFORMATION (CODED/COMPRESSED DATA) 



HEADER INFORMATION 



TOTAL SHAPE VECTOR NUMBER N 



SHAPE VECTOR DATA IDENTIFICATION NUMBER =1 



CODE TABLE IDENTIFICATION CODE 



PRECISION INFORMATION OF SHAPE ACQUISITION SOURCE MAP DATA 



ONE-DIRECTION TRAVEL DIRECTION (FORWARD/REVERSE/NON-DIRECTION) 



STARTING TERMINAL NODE NUMBER ps 



X DIRECTION ABSOLUTE COORDINATE (LONGITUDE) OF NODE ps 



Y DIRECTION ABSOLUTE COORDINATE (LONGITUDE) OF NODE ps 



ABSOLUTE AZIMUTH OF NODE ps 



ps POSITION ERROR(m) 



ps AZIMUTH ERROR (DEGREE) 



MAXIMUM POSITIONAL ERROR(m) 
OF CODED SHAPE DATA 



MAXIMUM AZIMUTH ERROR 
(DEGREE) OF CODED SHAPE DATA 



- CODED SHAPE DATA, IT SHOULD BE NOTED THAT CODED 
SHAPE DATA ALSO CONTAINS FOLLOWING INFORMATION: REFERENCE 
CODE SETTING CODE. SECTION LENGTH CHANGING CODE, EOD CODE 



END TERMINAL NODE NUMBER pe 



X DIRECTION ABSOLUTE COORDINATE (LONGITUDE) OF NODE pe 



Y DIRECTION ABSOLUTE COORDINATE (LONG ITUDE) OF NODE pe 
ABSOLUTE AZIMUTH OF NODE pe 



pe POSITION ERROR (m) 



pe AZIMUTH ERROR (DEGREE) 



SHAPE VECTOR DATA IDENTIFICATION NUMBER = M 
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(b) 



TRAFFIC INFORMATION 



HEADER INFORMATION 



TOTAL NUMBER V OF TRAFRC INFORMATION PROVIDING SECTIONS 



SERIAL NUMBER 1 OF TRAFFIC INFORMATION PROVIDING SECTION 



REFERENCE SHAPE VECTOR STREAM NUMBER = N 



DIRECTION IDENTIFICATION FLAG (FORWARD DJRECTION/REVERE DIRECTION) 



START TERMINAL-SIDED 
REFERENCE NODE pa 
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